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PROSTATE GLOVE, FINGERTIP OPTICAL
ENCODER, CONNECTOR SYSTEM, AND
RELATED METHODS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. Provisional Appli-
cation No. 62/271,009 filed on Dec. 22, 2015 and entitled
“PROSTATE GLOVE,” U.S. Prowswnal Application No.
62/366,738 filed on Jul. 26, 2016 and entitled “PROSTATE
GLOVE,” and U.S. Prowsmnal Application No. 62/378,809
filed on Aug. 24, 2016 and entitled “PROSTATE GLOVE,
FINGERTIP OPTICAL ENCODER, CONNECTOR SYS-
TEM, AND RELATED METHODS,” each of which is

hereby incorporated by reference 1n 1ts entirety.

FIELD

The present disclosure relates to systems and methods for
measuring or evaluating an object. In some embodiments,

systems and methods for measuring the prostate are pro-
vided.

BACKGROUND

Prostate problems are widespread 1n the male population,
especially the older male population. In particular, benign
prostatic hyperplasia (BPH) and prostate cancer are common
in men over 50 years of age. Indeed, prostate cancer 1s the
second most common cancer in men in the United States.
Each year, there are more than 200,000 new cases and more
than 30,000 deaths. However, if prostate cancer 1s detected
carly and treated eflectively, the chance of survival improves
significantly. Unfortunately, conventional methods for
detecting prostate problems are wanting as many early stage
cancers go undetected.

While ultrasound systems have been developed to diag-
nose prostate problems such systems are very expensive.
Most ultrasound 1maging 1s performed by radlologlsts at an
outside facility, or at the practitioner’s oflice on a contract
basis with a portable ultrasound unit. The technology and
interpretation 1s diflicult to master, requiring a time-consums-
ing learning curve. Consequently, no routine examining
system or technique exists which provides a high degree of
accuracy in measuring prostate volume, nor 1s the required
repeatability of results achieved.

Thus, the digital rectal examination continues to be the
modality of choice for monitoring the prostate even though
the process 1s very subjective. The standard exam i1s done by
iserting a finger into the rectum and palpating or feeling the
palpable surface of the prostate. The physical characteristics
of the prostate size, contour, consistency, symmetry, and the
presence or absence of nodularity, are assessed and recorded
by attempting to translate the physician’s subjective impres-
s1ons 1nto a written record. This method of data collection 1s
inexact and makes comparisons from exam to exam very
difficult.

Exemplary methods and devices for measuring the pros-

tate are disclosed 1n U.S. Pat. No. 7,309,319, entitled

“APPARATUS AND METHOD FOR MEASUR NG THE
DIMENSIONS OF THE PALPABLE SURFACE OF THE
PROSTATE,” U.S. Publication No. 2009/0069721, entitled
“APPARATUS AND METHOD FOR MEASURI NG THE
DIMENSIONS OF THE PALPABLE SURFACE OF THE

PROSTAT
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DIMENSIONS OF THE PALPABLE SURFACE OF THE
PROSTATE,” U.S. Pat. No. 8,694,079, entitled “DOUBLE

MEMBRANE PROSTATE GLOVE,” U.S. Publication No.
2014/0121562, entitled “PROSTATE GLOVE WITH MFEA -
SUREMENT GRID > U.S. Publication No. 2014/0121534,
entitled “GRID FOR MFEASURING PROSTATE VOL-
UME,” U.S. Publication No. 2014/0121563, entitled
“PROSTATE GLOVE WITH RECFEIVER FIBERS,” U.S.
Pat. No. 8,838,214, entitled “FINGER CLIP FOR PROS-
TATE GLOVE,” U.S. Publication No. 2014/0121535,
entitled “CONNECTOR FOR USE WITH A PROSTATE
MEASUREMENT SYSTEM,” and U.S. Publication No.
2014/0121536, entitled “CONTROLLER FOR MEASUR-
ING PROSTATE VOLUME,” each of which i1s hereby

incorporated by reference 1n 1ts entirety.

SUMMARY

Systems and methods are provided herein that generally
involve measuring a prostate or other object. In some
embodiments, a finger clip having a roller ring or wheel
rotatably mounted thereto 1s disposed within an inflatable
membrane. The roller ring can include a measurement
pattern positioned opposite to optical fibers configured to
receive light retlected from the measurement pattern. A user
can put on the finger clip, position the membrane 1n prox-
imity to a rectal wall overlying a prostate, and inflate the
membrane. As the user slides their finger across the 1nside of
the membrane, which 1s pressed against the rectal wall, the
roller ring can rotate with respect to the fibers such that the
fibers move relative to the measurement pattern. A controller
can sense light reflected through the fibers from the refer-
ence pattern and calculate or estimate various attributes of
the prostate based on the reflected light.

In some embodiments, a measurement device includes a
ring that defines a measurement pattern on a surface thereof;
a finger clip on which the ring is rotatably mounted; and one
or more optical fibers mounted 1n the finger clip such that the
ring rotates with respect to the fibers as the ring rotates
relative to the finger clip and such that the fibers are held at
a substantially fixed distance from the measurement pattern
as the ring rotates relative to the finger clip.

The device can include an inflatable membrane disposed
over the finger clip. The inflatable membrane can include a
textured or knurled outer surface. The intlatable membrane
can 1nclude a constraint member configured to control the
direction and/or degree to which the inflatable membrane
inflates when an inflation medium 1s delivered to an interior
thereof. The constramnt member can include a band that
extends along a dorsal surface of the membrane, across a
closed distal end of the membrane, and returns along a
ventral surface of the membrane. The device can include an
inflation tube 1n which the fibers are disposed, the intflation
tube being configured to deliver an inflation medium to an
interior of an inflatable membrane disposed over the finger
clip. The measurement pattern can be formed on or coupled
to a proximal-facing surface of the ring. The finger clip can
include a finger clip cap on which the ring 1s rotatably
mounted and a finger clip base 1n which the fibers are fixedly
mounted. The device can include a shroud coupled to the
finger clip to cover a dorsal portion of the ring. The device
can include a proximal sleeve configured to form a seal
between an inflatable membrane disposed over the finger
clip and a finger of a user. The finger clip can 1include a base
portion having an axle on which the ring 1s rotatably
mounted. The finger clip can include a fiber guide 1n which
the fibers are fixedly mounted. The finger clip can include a
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locking pin that retains the ring on the axle. A surface of the
ring that engages a membrane during a measurement can be
disposed distal to a distal-most extent of a user’s finger when
the measurement device 1s worn by the user. A rotation axis
of the ring can be oriented at an oblique angle with respect
to a longitudinal axis of a base portion of the finger clip. A
rotation axis of the ring can be oriented at an oblique angle
with respect to a longitudinal axis of a user’s finger when the
user’s finger 1s disposed 1n the finger clip. The oblique angle
can be between about 40 degrees and about 50 degrees. The
ring and the finger clip can be disposed in a closed volume
defined between a digit extension of a glove and an outer
membrane disposed over the digit extension. The digit
extension can be coupled to the glove by first and second
rings. The membrane can be sealed to the first ring. The digit
extension can be sealed to the first ring. The glove can be
sealed to the second ring. The second ring can be rotatable
with respect to the first ring. The one or more optical fibers
can mclude a first transmitting fiber configured to direct light
generated by an external light source onto the measurement
pattern; a first recerver fiber configured to direct light
reflected by the measurement pattern to a first external
optical detector; and a second receiver fiber configured to
direct light reflected by the measurement pattern to a second
external optical detector. An output window of the first
transmitting fiber, an imnput window of the first receiver fiber,
and an input window of the second receiver fiber can be
disposed adjacent to one another 1n a delta configuration.

In some embodiments, a method of measuring a prostate
includes positioning a finger clip having a ring rotatably
mounted thereto 1 proximity to a rectal wall adjacent the
prostate, the finger clip having at least one optical fiber
coupled thereto and a membrane disposed therearound to
form a closed volume; intlating the closed volume such that
the membrane contacts the rectal wall; and rolling the ring
along an interior surface of the membrane from a first lateral
margin of the prostate to a second lateral margin of the
prostate, thereby rotating a measurement pattern of the ring
past a distal end of the at least one optical fiber and
generating information indicative of a distance traveled by
the at least one optical fiber with respect to the measurement
pattern.

The method can include using at least one processor to
correlate the information indicative of a distance traveled by
the at least one optical fiber with a palpable surface width of
the prostate. The method can include using at least one
processor to correlate the palpable surface width of the
prostate with a volume of the prostate.

In some embodiments, a connector system includes a
connector housing; a slider disposed in the connector hous-
ing and configured to translate with respect to the connector
housing, a distal end of the slider defining a first mating,
interface; a first flmd lumen extending through the slider
from an opening at the proximal end of the slider to an
opening formed 1in the first mating interface; a first set of
optical fibers extending through the slider and terminating at
the first mating interface; a connector body having proximal
and distal ends, the proximal end defining a second mating
interface; a second fluid lumen extending through the con-
nector body from an opening formed in the second mating,
interface to an opening at the distal end of the connector
body; a second set of optical fibers extending through the
connector body and terminating at the second mating inter-
tace; wherein the connector housing 1s configured to main-
tain the first mating interface in alignment with the second
mating interface such that the first set of optical fibers 1s in
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optical communication with the second set of optical fibers
and the first fluid lumen 1s in fluid communication with the
second fluid lumen.

The system can include a base disposed in the connector
housing and a spring that biases the slider away from the
base. The base can be non-movably coupled to the housing
and the first fluid lumen and the first set of optical fibers can
be configured to slide within the base. Insertion of the
connector body into the housing can cause the shider to
translate proximally and compress the spring, the spring
thereby urging the first mating interface into contact with the
second mating interface. The system can include a mipple 1n
fluid communication with the first fluid lumen and protrud-
ing distally from the slider. The system can include a gasket
disposed around the nipple. The first fluid lumen and the first
set of optical fibers can be configured to translate with the
slider relative to the housing. The slider can include a
projection slidably received within a track formed in the
housing.

In one aspect, an examination device 1s provided that
includes a glove configured to be removably disposed
around a human hand, the glove having a digit extension
configured to receive a human digit of a human hand
disposed within the glove. The device can include a mem-
brane disposed over at least a portion of the digit extension,

the membrane and the digit extension forming a closed
volume therebetween. The device can also include a refer-
ence pattern disposed within the closed volume, and at least
one optical fiber extending into the closed volume and 1n
optical communication with the reference pattern, the opti-
cal fiber being configured to move relative to the reference
pattern.

An 1nflation tube can extend into the closed volume
through which an inflation medium can be supplied to inflate
the membrane relative to the digit extension. In one embodi-
ment, the at least one fiber can extend through the inflation
tube. In certain aspects, the membrane can be 1n the form of
an elongate tubular body having a closed distal end and a
proximal end that i1s sealed circumferentially around the
digit extension. The membrane can be sealed to the digit
extension, for example, using an adhesive. In other aspects,
the optical fiber can be coupled to the digit extension and the
reference pattern can be coupled to the membrane. In an
exemplary embodiment, the at least one optical fiber can
include a first transmitting fiber configured to direct light
generated by an external light source onto the reference
pattern, and a first recerver fiber configured to direct light
reflected by the reference pattern to a first external optical
detector. The at least one optical fiber can further include a
second receiver fiber configured to direct light reflected by
the reference pattern to a second external optical detector.
The first transmitter fiber, the first receiver fiber, and the
second receiver fiber can extend through an inflation tube
configured to supply an inflation medium to the closed
volume.

In another aspect, an examination device 1s provided that
includes a glove configured to be removably disposed
around a human hand, an inflatable membrane sealed around
at least a portion of the glove to define a closed volume
between the membrane and the glove, a reference pattern
coupled to a surface of the membrane, and at least one
optical fiber extending into the closed volume and coupled
to the glove such that the at least one optical fiber 1s movable
with the portion of the glove relative to the membrane, the
at least one optical fiber being 1n optical communication
with the reference pattern.
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The at least one optical fiber can include a first transmitter
fiber, a first receiver fiber, and a second receiver fiber. The
device can include an inflation tube m fluid communication
with the closed volume for delivering an inflation fluid into
the closed volume to inflate the membrane relative to the
glove. The at least one optical fiber can extend through the
inflation tube.

In another aspect, a method of measuring a prostate 1s
provided that includes positioning a digit extension of a
glove 1n proximity to a rectal wall adjacent the prostate, the
digit extension having at least one optical fiber coupled
thereto and a membrane disposed therearound to form a
closed volume. The method can also include inflating the
closed volume relative to the digit extension such that the
membrane contacts the rectal wall, and moving the at least
one optical fiber across a reference pattern disposed within
the closed volume from a first lateral margin of the prostate
to a second lateral margin of the prostate, thereby generating
information 1ndicative of a distance traveled by the at least
one optical fiber.

The method can include using at least one processor to
correlate the information indicative of a distance traveled by
the at least one optical fiber with a palpable surface width of
the prostate. The method can include using at least one
processor to correlate the palpable surface width of the
prostate with a volume of the prostate. The at least one
optical fiber can be coupled to the digit extension, the
reference pattern can be coupled to the membrane, and
moving the at least one optical fiber can include moving the
digit extension relative to the membrane.

In another aspect, an examination device 1s provided that
includes an inflatable membrane defining an enclosed vol-
ume, and a substrate coupled to an interior surface of the
membrane and having a plurality of reference lines formed
on the substrate and arranged along a measurement axis. The
substrate can be configured such that, when the intlatable
membrane 1s inflated, a spacing between the plurality of
reference lines remains constant.

The 1ndicia can be printed on the substrate. The substrate
can 1nclude or be formed of polyethylene. The substrate can
be attached to the membrane only along a central axis of the
substrate. The central axis can extend perpendicular to the
measurement axis. The substrate can be attached to the
membrane only at a center point of the substrate. The
substrate can be attached to the membrane using at least one
of an adhesive and a weld. The substrate can have a
thickness between about 0.5 mils and about 6.0 mils. The
substrate can have a thickness of about 2 mils. The device
can include an optical fiber extending into the enclosed
volume defined by the membrane. The membrane can be
disposed over a digit extension of a glove.

In another aspect, a method of manufacturing an exami-
nation device 1s provided that includes attaching a substrate
to a membrane such that the membrane i1s stretchable
independently from the substrate, the substrate having a
reference pattern comprising a plurality of indicia formed on
the substrate and spaced along a measurement axis. The
method can include positioning the membrane over a digit
extension ol a glove configured to be removably disposed
around a human hand, and sealing a perimeter of the
membrane to the glove such that the digit extension 1s
independently movable relative to the reference pattern.

The substrate can be attached to the membrane only along
a central axis of the substrate, the central axis extending
perpendicular to the measurement axis. The indicia can be
printed on the substrate. The substrate can be attached to the
membrane only at a center point of the substrate. The
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substrate can be attached to the membrane using at least one
of an adhesive and a weld. The method can include coupling
an optical fiber to the glove such that a terminal end of the
optical fiber extends between the membrane and the glove.

In another aspect, a method of measuring a prostate 1s
provided that includes positioning a membrane 1n proximity
to a rectal wall adjacent a prostate. The method can include
inflating the membrane such that the membrane contacts the
rectal wall, wherein a substrate attached to an interior
surface of the membrane has a plurality of reference lines
formed thereon, the reference lines defimng a space ther-
cbetween that remains constant as the membrane 1s inflated.
The method can include moving at least one optical fiber
extending into an interior volume of the membrane across
the plurality of reference lines to generate information
indicative of a distance traveled by the at least one optical
fiber.

The membrane can be disposed around a digit extension
of a glove, and inflating the membrane can expand an
interior volume between the glove and the membrane.

In another aspect, an examination device 1s provided that
includes a glove configured to be removably disposed over
a human hand, a membrane disposed over a portion of the
glove and defining an enclosed volume between the glove
and the membrane, and a reference pattern comprising a
plurality of indicia disposed on the membrane and arranged
along a measurement axis.

The indicia can be printed on the membrane. The 1ndicia
can be printed on a substrate coupled to the membrane. A
spacing between the plurality of indicia as measured along
the measurement axis can be configured to remain constant
upon 1nflation and deflation of the membrane. The plurality
of 1indicia can include lines extending perpendicular to the
measurement axis. The lines can be separated by spaces
having a width as measured along the measurement axis that
1s equal to a width of the lines as measured along the
measurement axis. The lines can be separated by spaces
having a width as measured along the measurement axis that
1s less than half of a width of the lines as measured along the
measurement axis. The device can include an optical fiber
extending into the enclosed volume, the lines being sepa-
rated by spaces having a width as measured along the
measurement axis that 1s less than a diameter of the optical
fiber. The lines can have a width as measured along the
measurement axis ol approximately 0.7 mm and the lines
can be separated by spaces having a width as measured
along the measurement axis of approximately 0.3 mm. The
plurality of indicia can define a uniform series of alternating,
dark and light portions. The plurality of indicia can extend
along a portion of the substrate having a width a measured
along the measurement axis of about 2 inches and a height
as measured along an axis perpendicular to the measurement
axis of about 1.5 inches.

In another aspect, an examination device 1s provided that
includes an inflatable membrane configured to be disposed
over and sealed around a digit extension of a glove for a
human hand, the membrane defining an enclosed volume.
The device can include a non-inflatable substrate coupled to
an interior surface of the inflatable membrane, the non-
inflatable substrate having a reference pattern disposed
thereon, the reference pattern comprising a plurality of
indicia arranged along a measurement axis.

The plurality of 1ndicia can extend substantially parallel to
one another. The plurality of indicia can define a uniform
series of alternating dark and light portions. The plurality of
indicia can be separated by spaces having a width that 1s
equal to a width of the lines. The plurality of indicia can be
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separated by spaces having a width that 1s less than half of
a width of the lines. The device can include an optical fiber
extending into the enclosed volume, the plurality of indicia
being separated by spaces having a width that 1s less than a
diameter of the optical fiber. The plurality of indicia can
have a width of approximately 0.7 mm and the lines can be
separated by spaces having a width of approximately 0.3
mm.

In another aspect, an examination device 1s provided that
includes a membrane defining an interior volume, a refer-
ence pattern disposed within the interior volume of the
membrane, an 1llumination fiber extending into the interior
volume of the membrane and configured to transmait light to
the reference pattern through an output window, a first
receiving liber extending into the interior volume of the
membrane and configured to receive light reflected from the
reference pattern through a first input window, and a second
receiving fiber extending into the interior volume of the
membrane and configured to receive light reflected from the
reference pattern through a second input window.

The output window can be formed 1n a terminal distal end
of the i1llumination fiber, the first mput window can be
formed 1n a terminal distal end of the first receiving fiber,
and the second input window can be formed in a terminal
distal end of the second receiving fiber. The output window,
the first input window, and the second input window can be
disposed adjacent to one another 1n a delta configuration.
The reference pattern can include a plurality of indicia
arranged along a measurement axis and the first input
window and the second input window can be arranged 1n a
line that 1s substantially parallel to the measurement axis.
The plurality of indicia can include a series of lines spaced
equally along the measurement axis. The 1llumination fiber,
the first receiving fiber, and the second recerving fiber can be
configured to transmit near infrared light. The 1llumination
fiber, the first receiving fiber, and the second receiving fiber
can each have a diameter of approximately 0.5 mm.

In another aspect, a method of measuring an object 1s
provided that includes positioning a reference pattern in
proximity to an object, the reference pattern comprising
alternating light and dark spaces arranged along a measure-
ment axis, and positioning an optical recetver comprising an
illumination fiber and first and second receiver fibers over
the reference pattern such that an output window of the
illumination fiber 1s aimed at the reference pattern and such
that an input window of the first receiving fiber and an input
window of the second recerving fiber are disposed along a
line that 1s substantially parallel to the measurement axis.
The method can include moving the optical receiver along
the line relative to the reference pattern, and detecting a
change 1n direction of movement of the optical receiver by
measuring the light received by the first receiving fiber in
time relation to the light received by the second receiving
fiber.

In another aspect, an examination device 1s provided that
includes a glove having a digit extension, a membrane
disposed over at least a portion of the digit extension, the
membrane and the digit extension forming a closed volume
therebetween, and a finger clip attached to the digit exten-
sion and disposed within the closed volume. The device can
include at least one 1llumination optical fiber and at least one
receiving optical fiber extending into the closed volume and
through the finger clip, and an inflation tube extending into
the closed volume and configured to introduce an inflation
medium 1nto the closed volume.

The finger clip can be attached to the digit extension such
that 1t extends along a dorsal surface of the digit extension
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and down across a distal tip of the digit extension. The at
least one illumination optical fiber and the at least one
receiving optical fiber can extend through the mflation tube.
The inflation tube can terminate proximal to a proximal end
of the finger clip. The at least one 1llumination optical fiber
and the at least one receiving optlcal fiber can extend
through an open channel formed in the finger clip and
through a tunnel oriented substantially perpendicular to the
open channel. The at least one 1llumination optical fiber and
the at least one receiving optical fiber can terminate at a
distance from a distal end of the tunnel. The distance can be
between about 0.25 mm and about 0.5 mm. The digit
extension can be or can include a forefinger extension.

In another aspect, a method of making an examination
device 1s provided that includes forming an open channel 1n
a finger clip, wherein the finger clip 1s configured to be
disposed on a user’s finger, and forming a through hole 1n
the finger clip approximately perpendicular to the open
channel such that the through hole intersects the open
channel and provides a working connection from the open
channel to a distal end of the finger clip. The method can
include positioning at least one fiber optic within the open
channel and the through hole such that an optical window
formed 1n a terminal distal end of the fiber optic 1s aimed 1n
a direction configured to be perpendicular to a dorsal surface
ol a user’s finger.

The at least one fiber optic can include at least one
i1llumination fiber optic and at least one receiving fiber optic.
The finger clip and the open channel can be formed by
injection molding. The finger clip can be formed from
injection molded, soft-durometer urethane. The method can
include routing the at least one {fiber optic through an
inflation tube that terminates proximal to a proximal end of
the finger clip.

In another aspect, a method of measuring an object 1s
provided that includes positioning a digit extension of a
glove around a user’s hand such that a finger clip attached
to the digit extension extends along a dorsal surface of a
digit of the user’s hand and down across a distal tip of the
digit. The method can include positioning the digit extension
in proximity to an object, inflating a membrane disposed
around the digit extension to inflate the membrane relative
to the digit extension and to position a reference pattern
coupled to the membrane at a distance apart from a distal tip
of the finger clip, and moving the distal tip of the finger clip
relative to the reference pattern to generate information
indicative of a distance traveled by the distal tip of the finger
clip relative to the reference pattern.

In another aspect, a connector system 1s provided that
includes a first connector body having proximal and distal
ends, the distal end defining a first mating interface, a first
fluid lumen extending through the first connector body from
an opening at the proximal end of the first connector body
to an opening formed 1n the first mating interface, and a first
set of optical fibers extending through the first connector
body and terminating at the first mating interface. The
connector system can include a second connector body
having proximal and distal ends, the proximal end defining
a second mating 1nterface, a second fluid lumen extending
through the second connector body from an opening formed
in the second mating interface to an opening at the distal end
of the second connector body, and a second set of optical
fibers extending through the second connector body and
terminating at the second mating interface. The connector
system can include a connector housing configured to main-
tain the first mating interface in alignment with the second
mating interface such that the first set of optical fibers 1s in
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optical communication with the second set of optical fibers
and the first fluid lumen 1s in fluid communication with the
second fluid lumen.

The connector housing can be formed integrally with at
least one of the first connector body and the second con-
nector body. When mated, the first fluid lumen and the
second fluid lumen can form a continuous fluid-tight passage
having proximal and distal terminal ends. The first set of
optical fibers can enter the flmd-tight passage at a location
other than the proximal and distal terminal ends. The first set
of optical fibers can extend through less than an entire length
of the first fluid lumen. The second set of optical fibers can
extend through the second fluid lumen and through a tube
coupled to the distal end of the second connector body. The
first set of optical fibers can extend from the proximal end
of the first connector body into an interior of the first fluid
lumen. The system can include a first key coupled to the first
connector body and configured to cooperate with a corre-
sponding recess formed in the connector housing such that
the first connector body can only be inserted into the
connector housing in one orientation. The system can
include a first strain relief overmold disposable over the first
connector body and a second strain relief overmold dispos-
able over the second connector body.

In another aspect, an examination system 1s provided that
includes a glove having a digit extension, a membrane
disposed over at least a portion of the digit extension, the
membrane and the digit extension forming a closed volume
therebetween, and an 1nflation tube extending into the closed
volume and configured to receive an inflation flud for
inflating the membrane. The system can include at least one
optical fiber extending through the inflation tube and into the
closed volume, and a connector coupled to a proximal end
of the iflation tube, the connector including an inflation
lumen extending from the inflation tube to a mating nter-
face, wherein an optical opening of the at least one optical
fiber terminates at the mating interface.

The system can include a first key coupled to the con-
nector and configured to allow the connector to mate to a
second connector 1n only one orientation.

In another aspect, an examination system 1s provided that
includes an optical receiver coupled to at least one optical
fiber, an 1nflation medium supply coupled to an inflation
tube, and a connector coupled to a distal end of the inflation
tube, the connector including an inflation lumen extending
from the inflation tube to a mating interface, wherein an
optical opening of the at least one optical fiber terminates at
the mating interface.

The at least one optical fiber can enter the inflation lumen
at a location within the connector. The system can include a
light source coupled to the at least one optical fiber. The
system can include at least one processor configured to
interpret signals output from the optical receiver. The infla-
tion medium supply can include at least one of a pump and
a tank of compressed atr.

In another aspect, a system for estimating the volume of
a prostate 1s provided that includes a processor programmed
to provide a sensor input module configured to receive
information indicative of light reflected from a reference
pattern as an optical fiber 1s moved across the reference
pattern from a first prostate lateral margin to a second
prostate lateral margin. The processor can be programmed to
provide a distance measuring module configured to convert
the received information into a prostate palpable surface
width (PS;;,), and a volume estimation module configured to
estimate a volume (V) of the prostate based on the palpable

surface width (PSy;,).
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The volume estimation module can estimate the volume
(V) as V=PS ’xk, wherein k is a constant. The constant k

can be between about 0.35 and about 0.45. The constant k
can be about 0.3926991. The processor can be programmed
to provide an error detection module configured to detect
that a measurement error has occurred when the recerved
information indicates that a direction of movement of the
optical fiber changed during a measurement. The processor
can be programmed to provide a display module configured
to drive a display to display the estimated volume (V). The
processor can be programmed to provide an intlation control
module configured to actuate a pump or a control valve to
inflate a membrane disposed around a digit extension of a
glove to a predetermined pressure or with a predetermined
volume of air. The processor can be programmed to provide
an RFID imterface module configured to receive information
indicative of an RFID signature of a disposable unit and to
determine whether the disposable unit 1s an authenticated
disposable unait.

In another aspect, a method of estimating the volume of
a prostate 1s provided that includes moving an optical fiber
across a relference pattern from a first lateral margin of a
prostate to a second lateral margin of the prostate to generate
information indicative of light reflected from the reference
pattern. The method can include using at least one processor
to convert the generated information 1nto a prostate palpable
surface width (PS ), and using the at least one processor to
estimate a volume (V) of the prostate based on the palpable
surface width (PS;).

The method can include estimating the volume (V) as
V=PS ’xk, wherein k is a constant. The constant k can be
between about 0.35 and about 0.45. The constant k can be
about 0.3926991. The method can 1include using the at least
one processor to detect that a measurement error has
occurred when the generated information indicates that a
direction of movement of the optical fiber changed during a
measurement. The method can include using the at least one
processor to drive a display to display the estimated volume
(V). The method can include using the at least one processor
to actuate a pump or a control valve to inflate a membrane
disposed around a digit extension of a glove to a predeter-
mined pressure or with a predetermined volume of air. The
method can include using the at least one processor to
receive 1nformation indicative of an RFID signature of a
disposable unit and to determine whether the disposable unit
1s an authenticated disposable unait.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be more fully understood from the
following detailed description taken 1in conjunction with the
accompanying drawings, in which:

FIG. 1 1s a schematic view of an examination system and
a patient;

FIG. 2 1s a partially-transparent side view of a measure-
ment assembly;

FIG. 3 1s a top view of a measurement assembly;

FIG. 4A 15 a top view of a reference pattern;

FIG. 4B 1s a top view of another reference pattern;

FIG. 5A 1s a top view of a reference pattern adhered to a
membrane along a line;

FIG. 5B 1s a top view of a reference pattern adhered to a
membrane at a single point;

FIG. 6A 15 a perspective view of a finger clip;

FIG. 6B 1s another perspective view of a finger clip;

FIG. 6C 1s a top view of a finger clip attached to a glove;

FIG. 6D 1s a side view of a finger clip attached to a glove;
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FIG. 7A 1s a schematic end view of a finger clip with
optical fibers arranged 1n a triangle pattern;

FIG. 7B 1s an end view of a finger clip with optical fibers
arranged 1n a triangle pattern;

FIG. 7C 1s a schematic view of the position and orienta-
tion of optical fiber windows relative to a reference pattern;

FIG. 8A 1s a plot of optical sensor output signals as a
function of time when optical fibers are moved in a first
direction relative to a reference pattern;

FIG. 8B 1s a plot of optical sensor output signals as a
function of time when optical fibers are moved in a second
direction, opposite to the first direction, relative to a refer-
ence pattern:

FIG. 9A 1s a schematic diagram of the physical compo-
nents of a controller;

FIG. 9B 1s a schematic diagram of the logical components
of a controller;

FIG. 10 1s a magnetic resonance image ol a prostate;

FIG. 11A 1s a perspective view of a connector system;

FIG. 11B 1s an exploded perspective view of a connector
system;

FIG. 11C 1s a perspective view of a first connector body;

FIG. 11D 1s a perspective view of a first key plate and a
connector housing;

FIG. 11E 1s a perspective view of a connector system;

FIG. 11F 1s a perspective view of a second connector
body;

FIG. 11G 1s a perspective view of a second key plate and
a connector housing;

FIG. 11H 1s a cross-sectional top view of a connector
system;

FIG. 12A 1s a schematic view of a reusable portion of an
examination system;

FIG. 12B 1s a schematic view of a disposable portion of
an examination system;

FIG. 13 15 a perspective view of a measurement assembly
worn on the hand of a user:

FIG. 14 1s a perspective view of the measurement assem-
bly of FIG. 13 with the balloon portion hidden;

FIG. 15 1s a perspective view of the measurement assem-
bly of FIG. 13 with the balloon portion made transparent;

FIG. 16 1s a perspective view of the measurement assem-
bly of FIG. 13 with the balloon portion hidden;

FIG. 17 1s a perspective view of the measurement assem-
bly of FIG. 13 with the balloon portion hidden;

FIG. 18 1s an exploded perspective view of a distal portion
of the measurement assembly of FIG. 13;

FIG. 19 1s an exploded perspective view of a proximal
portion of the measurement assembly of FIG. 13;

FIG. 20A 15 a perspective view of the balloon portion of
the measurement assembly of FIG. 13;

FIG. 20B 1s a perspective view of the balloon portion of
the measurement assembly of FIG. 13;

FIG. 21 1s a perspective view ol a measurement assembly;

FIG. 22 1s a partially exploded perspective view of the
measurement assembly of FIG. 21;

FIG. 23 1s another perspective view of the measurement
assembly of FIG. 21;

FIG. 24 1s another perspective view of the measurement
assembly of FIG. 21;

FIG. 25 1s a side view of portions of the measurement
assembly of FIG. 21;

FIG. 26 1s a top view of portions of the measurement
assembly of FIG. 21;
FI1G. 27 1s a bottom view of portions of the measurement

assembly of FIG. 21;
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FIG. 28 1s an exploded perspective view of portions of the
measurement assembly of FIG. 21;

FIG. 29 1s a side view of an alternative finger clip
assembly;

FIG. 30 1s a perspective view of the finger clip assembly
of FIG. 29, with a portion of the assembly shown as
transparent;

FIG. 31 1s another perspective view of the finger clip
assembly of FIG. 29;

FIG. 32 1s another perspective view of the finger clip
assembly of FIG. 29;

FIG. 33 1s another perspective view of the finger clip
assembly of FIG. 29, shown with the roller ring removed;

FIG. 34 1s another perspective view of the finger clip
assembly of FIG. 29;

FIG. 35A 15 a perspective view of a connector system;

FIG. 35B i1s an exploded perspective view of the connec-
tor system of FIG. 35A;

FIG. 35C 1s a sectional top view of the connector system
of FIG. 35A 1n a disconnected state;

FIG. 35D 1s a sectional top view of the connector system
of FIG. 35A 1n a connected state:

FIG. 35E 1s a perspective view of the connector system of
FIG. 35A 1n a partially connected state, with the connector
housing shown as transparent;

FIG. 35F 1s a perspective view of the connector system of
FIG. 35A 1 a fully connected state, with the connector
housing shown as transparent;

FIG. 35G 1s a sectional perspective view ol a portion of
the connector system of FIG. 35A; and

FIG. 35H 1s a perspective view of a portion of the
connector system of FIG. 35A.

DETAILED DESCRIPTION

Certain exemplary embodiments will now be described to
provide an overall understanding of the principles of the
structure, function, manufacture, and use of the systems and
methods disclosed herein. One or more examples of these
embodiments are illustrated 1n the accompanying drawings.
Those skilled 1n the art will understand that the systems and
methods specifically described herein and illustrated in the
accompanying drawings are non-limiting exemplary
embodiments. The features illustrated or described 1n con-
nection with one exemplary embodiment may be combined
with the features of other embodiments.

Systems and methods are provided herein that generally
involve measuring a prostate or other object. In some
embodiments, a finger clip having a roller ring or wheel
rotatably mounted thereto 1s disposed within an inflatable
membrane. The roller ring can include a measurement
pattern positioned opposite to optical fibers configured to
receive light retlected from the measurement pattern. A user
can put on the finger clip, position the membrane 1n prox-
imity to a rectal wall overlying a prostate, and inflate the
membrane. As the user slides their finger across the 1nside of
the membrane, which 1s pressed against the rectal wall, the
roller ring can rotate with respect to the fibers such that the
fibers move relative to the measurement pattern. A controller
can sense light reflected through the fibers from the refer-
ence pattern and calculate or estimate various attributes of
the prostate based on the reflected light.

Systems and methods are provided herein that generally
involve measuring a prostate or other object. In some
embodiments, a reference pattern 1s positioned adjacent to
the object to be measured and light reflected from the
reference pattern 1s measured or interpreted to estimate
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various attributes of the object, such as its volume. For
example, a membrane can be sealed over a glove to form a
closed volume. The closed volume can be configured to be
expanded via an 1inflation tube, and a reference pattern can
be disposed within the closed volume along with one or
more optical fibers. In use, a user can put on the glove,
position the membrane 1n proximity to a rectal wall over-
lying a prostate, and inflate the membrane. As the user slides
their finger across the rectal wall, the optical fibers move
relative to the reference pattern and a controller senses light
reflected through the fibers from the reference pattern. The
controller can calculate or estimate various attributes of the
prostate based on the retlected light, such as the palpable
surface width or volume.

System Overview

FIG. 1 illustrates an exemplary embodiment of an exami-
nation system 100 for measuring an object (e.g., a prostate
102). The system 100 can include a measurement assembly
104 configured to provide information indicative of a dimen-
sion of the object to a controller 106. The controller 106 can
be configured to estimate one or more properties or condi-
tions of the object based on the information provided by the
measurement assembly 104. The controller 106 can also be
coupled to a computer system 108 for storing or further
processing the mformation.

As shown 1n FIG. 2, the measurement assembly 104 can
include a glove 110 with a membrane 112 disposed over a
digit extension 114 thereotf to define a closed volume 116
between the glove 110 and the membrane 112. A reference
pattern 118 can be formed on or coupled to an interior
surface of the membrane 112 such that the reference pattern
1s disposed within the closed volume 116. The assembly 104
can also include a finger clip 120 coupled to the digit
extension 114 beneath the membrane 112. One or more
optical fibers 122 can be mounted 1n a channel or lumen
formed 1n the finger clip 120. The optical fibers 122 can be
configured to transmit light generated by a light source 1n the
controller 106 to the reference pattern 118, and to transmuit
light retlected from the reference pattern to an optical sensor
in the controller. The assembly 104 can also include an
inflation tube 124 extending into the closed volume 116 and
configured to supply an inflation medium to the closed
volume to inflate the membrane 112 and expand the closed
volume, or to extract an inflation medium from the closed
volume to deflate the membrane 112 and reduce the closed
volume. The optical fibers 122 can extend through the
inflation tube 124, and a suitable connector can be provided
at a proximal end of the inflation tube for coupling the
inflation tube and the optical fibers to the controller 106. In
some embodiments, the measurement assembly 104 can be
disposable, e.g., adapted for a single use or for use with a
single patient, whereas the controller 106 can be reusable.

In an exemplary method of operation, the measurement
assembly 104 can be worn by a user (e.g., disposed over the
user’s hand). The user can then position the membrane 112
1in proximity to an area to be measured (€.g., a patient’s rectal
wall, adjacent the prostate). The membrane can be inflated
using the controller 106. With the membrane 112 remaining
substantially stationary and the light source activated, the
user can swipe their gloved finger and the finger clip 120
attached thereto from a first lateral margin of the prostate to
a second lateral margin of the prostate. As the finger clip 120
moves across the prostate, light reflected from the reference
pattern 118 can be transmitted to the controller 106, where
it can be processed to determine or estimate various prop-
erties of the prostate, such as the palpable surface width of
the prostate or the volume of the prostate.
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Measurement Assembly

Glove

FIG. 3 illustrates a top view of the measurement assembly
104. As shown, the measurement assembly 104 can include
a glove 110 with one or more digit extensions 114 corre-
sponding to, and configured to receive, the fingers of a
human hand. The glove 110 can thus be configured to be
removably disposed around a human hand or a portion
thereof. The glove 110 can be formed from any of a variety
of materials suitable for use in a medical environment,
including latex, natural rubber latex, neoprene, nitrile, vinyl,
Vytex, and so forth. In some embodiments, the glove 110 can
be a standard exam glove or surgical glove. In the 1llustrated
embodiment, a complete glove 1s shown (e.g., a glove
having five digit extensions and configured to envelop the
entirety ol a human hand). It will be appreciated, however,
that in some embodiments less than a complete glove can be
used. For example, the glove can be in the form of a finger
cot configured to cover only a single finger or portion
thereof. In other embodiments, the glove can be omitted
altogether and the membrane 112 can be sealed directly
around the user’s finger.

Membrane

The membrane 112 can be disposed over a portion of the
glove 110 (e.g., one or more digit extensions 114 thereot), or
can be disposed over the entirety of the glove 110. In some
embodiments, the membrane 112 can be defined by a finger
cot having an elongate tubular structure with a closed distal
end and an open proximal end. The membrane 112 can be
positioned over a digit extension 114 of the glove 110, such
as the forefinger digit extension, and the open proximal end
of the membrane can be sealed circumierentially around the
digit extension. The membrane 112 can be sealed to the
glove 110 using any of a variety of techniques, including
UV-curable and/or biocompatible cements or adhesives.
Exemplary adhesives include Dymax 1202-M-SC and
Dymax 222/450 (available from Dymax Corporation of
Torrington, Conn.). The membrane 112 can be sealed to the
glove 110 such that a closed, fluid-tight volume 116 1s
defined between the membrane and the glove. As discussed
in further detail below, the inflation tube 124 can be sealed
between the membrane 112 and the glove 110, such that the
inflation tube extends into the closed volume 116 and a distal
outlet of the inflation tube 1s disposed within the closed
volume. The membrane 112 can be configured to expand or
inflate when an inflation medium 1s supplied through the
inflation tube 124, and to contract or deflate when an
inflation medium is removed through the inflation tube. Like
the glove 110, the membrane 112 can be formed from any of
a variety ol maternials suitable for use 1n a medical environ-
ment, including latex, natural rubber latex, neoprene, nitrile,
vinyl, Vytex, synthetic Polyisoprene, and so forth. In some
embodiments, the membrane 112 1s formed from the same
material as the glove 110 and 1s configured to withstand
strain forces applied thereto during inflation.

Reference Pattern

The reference pattern 118 can include any of a variety of
indicia to provide a reference scale for measuring a dimen-
sion of an object. FIG. 4 A illustrates an exemplary embodi-
ment of a reference pattern 118 1n which the indicia include
a plurality of equally-spaced, parallel lines 126 defining
alternating light and dark regions. In other words, the indicia
provide a uniform series of alternating dark and light por-
tions. The parallel lines 126 are arranged along a measure-
ment axis M and extend perpendicular thereto. In the
embodiment of FIG. 4A, the lines 126 have a width as

measured along the measurement axis M that 1s equal to the
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width of the spaces 128 along the measurement axis. It will
be appreciated, however, that any of a vanety of spacing
widths can be used. For example, as shown in FIG. 4B, the
spaces 128 can have a width as measured along the mea-
surement axis M that 1s less than half of the width of the lines
126 as measured along the measurement axis.

In operation, light reflected from the reference pattern 118
can be received though an input window formed in an
optical fiber. In some embodiments, 1t can be desirable for
the width of the light regions 128 of the reference pattern
118 to be less than the diameter or width of the optical fiber
input window. This can advantageously prevent the fiber
from receiving light reflected from a plurality of light
regions 128 at the same time, and can thereby make pattern
boundary crossings easier to 1dentity from the sensor output
data. Thus, in embodiments 1n which the optical fiber has an
iput window with a diameter of approximately 0.5 mm, the
reference pattern 118 can include light regions 128 having a
width as measured along the measurement axis M of about
0.3 mm and dark regions 126 having a width as measured
along the measurement axis of about 0.7 mm.

The size and shape of the reference pattern 118 can vary
depending on application (e.g., the size and shape of the
user’s hand, or the size and shape of the object to be
measured). In the illustrated embodiment, the reference
pattern 118 includes an elongate central portion 130 with
first and second wing portions 132, 134 extending laterally
therefrom. The wing portions 132, 134 can be sized and
configured to wrap around the user’s finger when the mem-
brane 112 1s 1n a detlated state, and to at least partially unroll
therefrom when the membrane 1s 1n an 1ntlated state. In some
embodiments, the reference pattern 118 can have a width as
measured along the measurement axis M of about 2 inches
and a height as measured perpendicular to the measurement
axis ol about 1.5 inches.

The reference pattern 118 can be formed directly on the
interior surface of the membrane 112, or can be formed on
a separate substrate 136 coupled to the interior surface of the
membrane. In embodiments 1n which the reference pattern
118 1s formed directly on the interior of the membrane 112,
inflation of the membrane can result 1n stretching or distor-
tion of the reference pattern to a degree commensurate with
the degree of inflation of the membrane. In such cases,
unless the degree of membrane intlation 1s known and
well-controlled, the stretching of the reference pattern 118
can undesirably introduce error into the measurement pro-
vided by the evaluation system 100.

Accordingly, in some embodiments, the reference pattern
118 can be formed on a substrate 136 that is separate from
but coupled to the membrane 112 such that the dimensions
of the reference pattern are not distorted by inflation or
deflation of the membrane. In other words, the reference
pattern 118 does not inflate or detlate or otherwise distort
with the membrane 112, and instead the spacing 128
between the plurality of indicia 126, and the width of the
indicia 126, can remain constant upon inflation and deflation
of the membrane 112. As shown in FIGS. 5A-5B, the
reference pattern 118 can be formed on a substrate 136
separate from the membrane 112. The substrate 136 can be
attached to the membrane 112 using an adhesive or other
attachment techniques, such as fusion bonding, hot-gas
welding, vibration welding, solvent bonding, or ultrasonic
welding. In the embodiment of FIG. 5A, a line 138 of
adhesive 1s applied along a central axis C of the substrate
136 (e.g., an axis that 1s perpendicular to the measurement
axis M). It will be appreciated that, due to this adhesive
pattern, any stretching of the substrate 136 as the membrane
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112 1s inflated or deflated will only stretch the reference
pattern 118 along the central axis C, and not along the
measurement axis M. Accordingly, the spacing 128 between
the measurement lines 126 can remain constant during
inflation and deflation, as can the width of the lines 126. In
the embodiment of FIG. 5B, the substrate 136 1s adhered to
the membrane 112 at a single discrete point 140 (e.g., at a
center point of the substrate 136). The size and location of
the adhesion point 140 can be selected to balance resistance
to inflation-related distortion of the reference pattern 118
with resistance to 1nadvertent rotation of the substrate 136
relative to the membrane 112.

The reference pattern 118 can be formed on the substrate
136 or membrane 112 1n any of a variety of ways. In some
embodiments, the dark regions 126 of the reference pattern
118 are printed on the substrate 136 or membrane 112, for
example using dark-colored ink, dye, or paint. The light
regions 128 of the reference pattern 118 can be formed by
untreated portions of the substrate 136 or membrane 112, in
which case they can have the same color, transparency,
translucency, etc. as the underlying material. The light
regions 128 can also be printed on the membrane 112 or
substrate 136, for example using light-colored ink, dye, or
paint. In embodiments 1n which the light regions 128 are
formed by untreated portions of the substrate 136 or mem-
brane 112, light can reflect off of the substrate or membrane
itself, or ofl of the tissue or other object underlying the
substrate or membrane.

Any of a variety of suitable materials can be used for the
substrate 136, including plastics such as polyethylene. In
some embodiments, the substrate 136 can have a thickness
between about 0.5 mils and about 6.0 mils. In some embodi-
ments, the substrate 136 can have a thickness of about 2
mils.

Finger Clip and Inflation Tube

FIGS. 6 A-6D illustrate an exemplary embodiment of the
finger clip 120 and the inflation tube 124. The finger clip can
be configured to hold one or more optical fibers 122 1n a
fixed position relative to the user’s finger, 1n a fixed position
relative to one another, and/or 1n a fixed alignment relative
to the reference pattern 118.

As shown, the finger clip 120 can include an elongate
body 142 configured to substantially conform to the dorsal
surface of a user’s finger (or a user’s gloved finger as the
case may be). The elongate body 142 can include a curved
or bent distal portion 144 configured to substantially con-
form to the distal tip of the user’s finger. Thus, the finger clip
120 can be attached to the digit extension 114 of the glove
110 such that it extends along a dorsal surface of the digit
extension and down across a distal tip of the digit extension.
It will be appreciated that the finger clip 120 can be adhered
or otherwise attached to the glove 110, such that the finger
clip remains in a fixed position relative to a user’s finger
when the glove 1s worn by the user.

The finger clip 120 can include one or more paths through
which one or more optical fibers 122 can be routed. For
example, the finger clip 120 can include an open channel
146 formed 1n 1ts dorsal surface. The finger clip 120 can also
include a tunnel 148 formed 1n at least a portion of the
curved distal part 144 of the finger clip, extending substan-
tially perpendicular to the dorsal surface of the finger clip,
from the open channel 146 to an opening 150 (see FIGS.
7A-7B) defined by the terminal distal end of the tunnel 148.
While an open channel 146 1n combination with a closed
tunnel 148 1s shown, it will be appreciated that the optical
fiber path through the finger clip 120 can also be open along
its entire length, closed along 1ts entire length, or can include
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any combination of closed and open portions. The finger clip
120 can be formed from a variety of materials and using a
variety of techniques. In some embodiments, the finger clip
120 can be injection molded from a soft durometer urethane
(e.g., a 60 durometer urethane). The length of the finger clip
120 can be chosen such that, when the distal tip of the finger
clip 1s placed in proximity to the rectal wall over the
prostate, the proximal tip of the finger clip 1s fully disposed
within the rectum and the 1nflation tube 124 extends distally
beyond the anal ring. This can advantageously prevent the
anal ring from pinching the membrane 112 between the
distal end of the inflation tube 124 and the proximal end of
the finger clip 120, which could prevent full inflation of the
membrane. In some embodiments, the finger clip 120 can
have a length of about 4 cm.

The finger clip 120 can be disposed entirely within the
closed volume 116 defined between the membrane 112 and
the glove 110, such that its proximal end is adjacent to the
distal outlet of the inflation tube 124. The inflation tube 124
can terminate a distance D from the proximal end of the
finger clip 120, such that inflation media directed through
the inflation tube 124 can exit the tube at 1ts distal end and
enter the closed volume 116 without being obstructed by the
finger clip 120. The inflation tube 124 can be formed by a
length of tubing, such as Tygon ND Series medical tubing or
S-50-HL Tygon tubing available from Saint-Gobain S.A. of
France. In an exemplary embodiment, the inflation tube 124
has an inside diameter of 342 inches and an outside diameter
of 342 inches. The length of the inflation tube 124 can be
selected based on a variety of factors, including user prei-
crence and the typical distance between the controller 106
and the patient. In an exemplary embodiment, the inflation
tube 124 has a length of about 1 meter. The inflation tube
124 can be configured to deliver an inflation medium to the
closed volume 116, or to extract an inflation medium from
the closed volume. Exemplary inflation media include arr,
carbon dioxide, saline, and water. In some embodiments, the
finger clip 120 can be omitted and the fibers 122 and/or the
inflation tube 124 can instead be attached directly to the
glove 110, for example using an adhesive. The inflation tube
124 can have a circular cross-section, a rectangular-cross
section, or any other cross-section that defines an inflation
lumen through which inflation media can be conveyed.

Fibers

The measurement assembly 104 can include one or more
optical fibers 122 configured to transmit light generated by
a light source to the reference pattern 118, and/or to transmut
light retlected from the reference pattern to an optical sensor.
The optical fibers 122 can extend through the 1nflation tube
124 and can be routed through the fiber path defined by the
finger clip 120. The optical fibers 122 can be secured within
the fiber path, for example using a friction fit or a suitable
adhesive. The fibers 122 can terminate a distance from the
distal opening 150 1n the finger clip tunnel 148, such that a
desired spacing 1s maintained between the end of the fiber
and the reference pattern 118 even when the tip of the finger
clip 120 1s 1n direct contact with the reference pattern. In
some embodiments, the fibers 122 can terminate between
about 0.25 mm and about 0.5 mm from the distal opening
150 of the finger clip tunnel 148. The fibers 122 can thus be
positioned within the finger clip 120 such that optical
windows formed 1n the terminal distal ends of the fibers are
aimed 1n a direction perpendicular to a dorsal surface of a
user’s finger when the finger clip 1s attached to the user’s
finger.

In some embodiments, a single fiber 122 can be used both
to transmuit light from the light source to the reference pattern
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118 and to transmit light reflected from the reference pattern
to the optical sensor. In further embodiments, the measure-
ment assembly 104 can include a transmitting optical fiber
for directing light from the light source to the reference
pattern 118 and a recerving optical fiber for directing light
reflected from the reference pattern to the optical sensor. In
still further embodiments, as shown 1in FIGS. 7A-7C, the
system can 1nclude a transmitting fiber 1227 and {first and
second receiver fibers 122R1, 122R2, each of the receiver
fibers being configured to transmit light reflected from the
reference pattern 118 to one or more optical sensors. The
optical fibers 122 can be coupled directly to the light sourc
or optical sensors, or can be coupled thereto via one or more
intermediate fibers, for example using a connector system as
described below.

Each of the optical fibers 122 can be jacketed or unjack-
cted, and can include one or more 1nput or output windows
through which light can pass. For example, the transmitting
optical fiber 1221 can include an input window defined by
its terminal proximal end and an output window defined by
its terminal distal end. Similarly, the recerver fiber(s) 122R1,
122R2 can include an input window defined by their termi-
nal distal end and an output window defined by their
terminal proximal end. The fibers 122 can be configured to
transmit 1nfrared, near-infrared, visible, or other any other
detectable spectra of light. Exemplary fibers include unjack-
cted CK-20 ESK A plastic optical fibers having a diameter of
0.5 mm, available from Mitsubishi International Corpora-
tion of New York, N.Y. The fibers 122 can have a length that
1s slightly longer than that of the inflation tube 124 to
facilitate routing of the fibers through the finger clip 120
and/or a connector assembly coupled to the inflation tube.

As shown 1n FIGS. 7A-7C, the fibers 122 can be posi-
tioned 1n the finger clip 120 so as to improve the measure-
ment accuracy and error detection capabilities of the system
100. In particular, the transmitting fiber 122T and the first
and second receirver fibers 122R1, 122R2 can be positioned
in the finger clip 120 such that the imnput windows of the first
and second receiver fibers are arranged in a line M1 that 1s
substantially parallel to the measurement axis M of the
reference pattern 118 when the system 100 1s assembled.
The transmitting fiber 122T can be positioned above or
below the receiver fibers 122R1, 122R2 such that the output
window of the transmitting fiber and the mput windows of
the first and second recerver fibers are arranged 1n a triangle
or delta pattern.

During operation, as the user swipes the finger clip 120
across the reference pattern 118, the oflset between the
receiver fibers 122R1, 122R2 along the measurement axis M
can cause one of the receiver fibers to transmuit reflected light
betore the reflected light can be transmitted by the other
receiver fiber. Accordingly, the optical sensor output corre-
sponding to the first fiber will toggle before the optical
sensor output of the second fiber.

FIGS. 8A and 8B are plots of the output of an optical
sensor R1 coupled to the first receiver fiber 122R1 and the
output of an optical sensor R2 coupled to the second receiver
fiber 122R2 as a function of time. As shown 1n FIG. 8A,
when the finger clip 120 1s moved 1n a first direction along
the measurement axis M, the sensor R1 for the first receiver
fiber 122R1 detects a boundary crossing slightly before the
boundary crossing 1s detected by the sensor R2 for the
second receirver fiber 122R2. As shown 1in FIG. 8B, when the
finger clip 120 1s moved 1n a second direction along the
measurement axis M, opposite to the first direction, the
sensor R2 for the second receiver fiber 122R2 detects a
boundary crossing slightly before the boundary crossing 1s




US 11,638,552 B2

19

detected by the sensor R1 for the first receiver fiber 122R1.
Accordingly, by comparing the light received by the first
receiver fiber 122R1 1n time relation to the light received by
the second receiver fiber 122R2, the direction of finger clip
120 movement relative to the reference pattern 118 can be
determined. As discussed further below, the controller 106
can be configured to detect that an error has occurred when
a change 1n direction 1s detected, or to compensate for the
change 1n direction.

Controller

FIG. 9 1llustrates a block diagram of the physical com-
ponents of an exemplary embodiment of the controller 106.
Although an exemplary controller 106 1s depicted and
described herein, 1t will be appreciated that this 1s for sake
of generality and convenience. In other embodiments, the
controller 106 may differ 1n architecture and operation from
that shown and described here.

The 1llustrated controller 106 includes a processor 152
which controls the operation of the controller 106, for
example by executing embedded software, operating sys-
tems, device drivers, application programs, and so forth. The
processor 152 can include any type of microprocessor or
central processing unit (CPU), including programmable
general-purpose or special-purpose processors and/or any of
a variety of proprietary or commercially-available single or
multi-processor systems, including 32-bit PIC Peripheral
Interface Controllers or 16-bit dsPIC digital signal Periph-
cral Interface Controllers available from Microchip Tech-
nology Incorporated of Chandler, Ariz. As used herein, the
term processor can refer to miCroprocessors, miCrocon-
trollers, ASICs, FPGAs, processors that read and interpret
program 1nstructions from internal or external memory or
registers, and so forth. The controller 106 also includes a
memory 154, which provides temporary or permanent stor-
age for code to be executed by the processor 152 or for data
that 1s processed by the processor. The memory 154 can
include read-only memory (ROM), flash memory, one or
more varieties of random access memory (RAM), and/or a
combination of memory technologies. The various compo-
nents of the controller 106 can be interconnected via any one
or more separate traces, physical busses, communication
lines, etc.

The controller 106 can also include an interface 156, such
as a communication interface or an I/O interface. A com-
munication interface can enable the controller 106 to com-
municate with remote devices (e.g., other controllers or
computer systems) over a network or communications bus
(e.g., a unmiversal serial bus). An I/O interface can facilitate
communication between one or more input devices, one or
more output devices, and the various other components of
the controller 106. Exemplary 1mput devices include touch
screens, mechanical buttons, keyboards, and pointing
devices. The controller can also include a storage device
158, which can include any conventional medium for storing
data 1n a non-volatile and/or non-transient manner. The
storage device 158 can thus hold data and/or instructions 1n
a persistent state (1.¢., the value 1s retained despite 1nterrup-
tion of power to the controller 106). The storage device 158
can include one or more hard disk drives, flash drives, USB
drives, optical drives, various media disks or cards, and/or
any combination thereof and can be directly connected to the
other components of the controller 106 or remotely con-
nected thereto, such as through the communication interface.
The controller 106 can also include a display 160, and can
generate 1mages to be displayed thereon. In some embodi-
ments, the display 160 can be a vacuum ftluorescent display
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(VEFD), an organic light-emitting diode (OLED) display, or
a liquid crystal display (LCD).

The controller 106 can also include a power supply 162
and appropriate regulating and conditioning circuitry. Exem-
plary power supplies include batteries, such as polymer
lithium 10n batteries, or adapters for coupling the controller
106 to a DC or AC power source (e.g., a USB adapter or a
wall adapter). The controller 106 can also include an infla-
tion system 164, such as an electromechanical pump con-
trolled by the processor 152. Other intlation systems can also
be employed, such as a stored volume of compressed fluid
(e.g., air or carbon dioxide) or a manual pump (e.g., a
sphygmomanometer bulb). A pressure relief valve 166 or
other safety device can also be provided to prevent over-
inflation of the membrane 112 and/or to deflate the mem-
brane when an evaluation 1s complete. In some embodi-
ments, the pressure relief valve 166 can be configured to fail
into the open position, such that pressure 1s released from the
membrane 112 1n the event of a power loss or other system
malfunction. The nflation system 164 can be configured to
supply an 1nflation medium through the inflation tube 124
and 1nto the closed volume 116. Any of a variety of intlation
media can be used, including air, carbon dioxide, saline,
water, and the like. In some embodiments, the inflation
system 164 can be configured to inflate the membrane 112
to an inflation pressure of 1.5 psi, and the pressure relief
valve 166 can be configured to release pressure 11 and when
it exceeds 2.0 psi. The inflation system 164 can also be
configured to supply a fixed volume of an inflation medium
to the membrane 112, e.g., about 25 mL of air.

The controller 106 can also include an optical system that
includes a first detector circuit 168R1 for receiving light
transmitted through the first receiver fiber 122R1, a second
detector circuit 168R2 for receiving light transmitted
through the second receiver fiber 122R2, and a light source
170 for producing light to be transmitted through the trans-
mitting fiber 122T. In some embodiments, the detector
circuits 168 can include a photo detector that 1s optically
coupled to a fiber 122 and electrically coupled to the
processor 152. Exemplary photo detectors include CMOS
image sensors, charge-coupled devices, photodiodes, pho-
toresistors, and phototransistors (e.g., photodarlington
detectors). The photo detector can provide an electrical
output signal to the processor 152 based on light that i1s
received by the photo detector. The light source 170 can be
or can include any of a variety of devices configured to
produce light, mncluding LEDs and incandescent bulbs. In
some embodiments, the light source 170 can include an
inirared LED.

The various functions performed by the controller 106 can
be logically described as being performed by one or more
modules. It will be appreciated that such modules can be
implemented in hardware, soiftware, or a combination
thereof. It will turther be appreciated that, when imple-
mented 1n software, modules can be part of a single program
Or one or more separate programs, and can be implemented
in a variety of contexts (e.g., as part of an embedded
soltware package, an operating system, a device driver, a
standalone application, and/or combinations thereof). In
addition, software embodying one or more modules can be
stored as an executable program on one or more non-
transitory computer-readable storage mediums. Functions
disclosed herein as being performed by a particular module
can also be performed by any other module or combination
of modules, and the controller can include fewer or more
modules than what 1s shown and described herein. FIG. 9B
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1s a schematic diagram of the modules of one exemplary
embodiment of the controller 106.

As shown 1n FIG. 9B, the controller 106 can include a
sensor mput module 172 configured to receive information
indicative of light reflected from the reference pattern 118 as
the optical fiber(s) 122 are moved across the reference
pattern during an examination. The sensor mput module 172
can read and interpret photo detector output signals supplied
from the photo detectors 168 to the processor 152, e.g., via
a general purpose input/output pin of the processor. The
sensor 1nput module 172 can optionally perform various
processing on the photo detector output signal, such as
debouncing, analog-to-digital conversion, filtering, and so
forth.

The controller 106 can also include a distance measuring,
module 174 configured to convert the information received
by the sensor mput module 172 mto a measurement of the
object being evaluated (e.g., a palpable surface width PS.1n
the case of a prostate). For example, when a start instruction
1s 1ssued (e.g., 1 response to the user’s pressing of a “start
measurement” button or equivalent), the distance measuring,
module 174 can begin counting the number of signal pulses
received from the photo detectors 168. When an end nstruc-
tion 1s 1ssued (e.g., 1 response to the user’s pressing of an
“end measurement” button or after a predetermined time has
clapsed without a detected pulse), the distance measuring
module 174 can multiply the number of pulses counted by
the width of the indicia 126 and spaces 128 formed on the
reference pattern 118. This width can be pre-stored as a
constant value in the memory 154 of the controller 106, can
be manually mput by the user via the controller’s user
interface, or can be read from a passive or active memory
chip disposed 1n the measurement assembly 104.

The controller 106 can also include a volume estimation
module 176 configured to estimate a volume or other
attribute of the object being measured based on one or more
measurements obtained by the distance measuring module
174. For example, the volume estimation module 176 can be
configured to calculate or estimate the volume (V) of a
prostate based on the palpable surface width (PS,,) of the
prostate as obtained by the distance measuring module 174.
The palpable surface of a prostate 1s illustrated in the
magnetic resonance image shown in FIG. 10. The volume
can be calculated as:

V=PS > Ok

where Kk 1s a constant. Any of a variety of values can be used
tor the constant k to calculate the volume. In some embodi-
ments, k 1s between about 0.01 and about 1.00. In some
embodiments, k 1s between about 0.35 and about 0.45. In
some embodiments, k 1s about 0.3926991. The volume
estimation module 176 can also use other techniques to
estimate the volume (V) based on the measured palpable
surface width PS;;. For example, the volume estimation
module 176 can reference a lookup table stored i the
memory 154 to determine a volume associated with a
particular palpable surface width. The volume estimation
module 176 can also estimate other dimensions of the
prostate based on the palpable surface width (e.g., a height
(H), a width (W) and a depth (D)), and calculate the prostate
volume using the estimated dimensions. For example, the
volume (V) of the prostate can be calculated as:

V=HOWODOn/6
or as:

V=H’OWOn/6
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Referring again to FIG. 9B, the controller 106 can also
include an error detection module 178 configured to detect
when a measurement error may have occurred. The error
detection module 178 can compare the photo detector output
corresponding to the first receiver fiber 122R1 to the photo
detector output corresponding to the second receiver fiber

122R2 (e.g., as described above with respect to FIGS. 8A
and 8B), to determine the order 1n which the first and second
receiver fibers encounter a marking or border crossing on the
reference pattern 118. If the error detection module 178
detects that this order changes during a measurement (e.g.,
between the time when a start instruction and an end
instruction are i1ssued), the error detection module can flag
that an error has occurred. For example, the error detection
module 178 can cause an error LED to be illuminated, an
audible alert to be sounded, and/or a visible message to be
shown on the display 160. In some embodiments, the error
detection module 178 can be configured to compensate for
directional changes by decrementing the indicia count when
it 1s detected that the user 1s moving the optical fibers 122
backwards along the reference pattern 118.

The controller 106 can also include an inflation control
module 180 configured to actuate the intlation system 164.
When an “inflate” istruction 1s 1ssued (e.g., when the user
pushes an 1nflate button or a start measurement button on the
controller housing or on a touch screen display), the inflation
control module 180 can cause power to be supplied to an
clectromechanical pump to begin pumping an inflation
medium 1nto the closed volume 116, or cause an electroni-
cally-actuated valve to open such that inflation media stored
under pressure 1s placed 1n fluild communication with the
closed volume via the mflation tube 124. In some embodi-
ments, the inflation control module 180 can be configured to
cut ol power to the pump or to close a valve when a pressure
sensor indicates that the pressure 1n the system has reached
a predetermined threshold amount, thereby preventing over-
inflation of the membrane.

The controller 106 can also include a display module 182
configured to display various information to the user on the
display 160, such as menus, buttons, 1nstructions, and other
user interface elements. The display module 162 can also be
configured to display instructions, warnings, errors, mea-
surements, and calculations. For example, the display mod-
ule 182 can be configured to display the palpable surface
width (PS;;) and volume (V) of a prostate after a measure-
ment procedure 1s completed on the prostate.

The controller 106 can also include an 1dentification
module 184 configured to determine whether the measure-
ment assembly 104 1s an authenticated measurement assem-
bly. In some embodiments, the measurement assembly 104
can include an RFID tag, micro bar code, or other embedded
identification information. The identification module 184
can be configured to read this 1dentification information and
compare 1t to a database of measurement assemblies. The
database can be stored in the controller 106 or can be
accessible via a network, and can indicate whether or not a
particular measurement assembly 104 1s authenticated. If the
measurement assembly 104 1s determined not to be authen-
ticated, the identification module 184 can indicate as much
to the user and can prevent the measurement from proceed-
ing. If the measurement assembly 104 1s determined to be
authenticated, the 1dentification module 184 can permit the
measurement to proceed. When a measurement session 1s
completed, the identification module 184 can be configured
to create or mark an entry 1n the database indicating that the
measurement assembly 104 used during the session 1s no
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longer authenticated, thereby preventing the measurement
assembly 104 from being reused.

Connector System

As noted above, the system 100 can include one or more
multiplex connector systems for coupling the measurement

assembly 104 to the controller 106. FIGS. 11A-11H 1llus-

trate an exemplary embodiment of a connector system 200
in which a first fluid lumen and a first set of optical fibers
(which can be disposed 1n the controller 106) can be
selectively coupled to a second fluid lumen and a second set
of optical fibers (which can be disposed 1n the measurement
assembly 104). The illustrated connector system 200 can
advantageously ensure proper alignment between the infla-
tion and optical systems of the controller 106 and the
measurement assembly 104. The connector system 200 can
also allow the optical fibers to transition from a position
outside of the inflation lumen to a position within the
inflation lumen. The connector system 200 can include a first
connector assembly 202A, a second connector assembly
202B, and a connector housing 204.

As shown 1n FIG. 11B, the first connector assembly 202A
can include a first connector body 206A, a first key plate
208A, a first internal overmold 210A, a first gasket 212A,
and a first external overmold 214A.

As shown 1n FIG. 11C, the first connector body 206 A can
include a proximal extension portion 216A and a distal
rectangular parallelepiped frame 218A. The proximal exten-
s1on portion 216 A can include a fluid passageway 220A and
one or more fiber passageways 222A extending there-
through. The distal-facing surface of the frame 218A can
define a first mating interface 224 A configured to abut with
a second mating interface 224B of the second connector
body 206B, as discussed below. The frame 218A can also
include internal baffles 226 A that define a substantially
H-shaped lumen 228A. In other words, the H-shaped lumen
228A can include first and second pathways that extend
generally 1n the same direction with a crossover pathway
joimng the two together. As shown, a first leg 228 A1 of the
H-shaped lumen extends proximally to the fluid passageway
220A 1n the proximal extension portion 216 A. A second leg

228A2 of the H-shaped lumen extends proximally to the
fiber passageway(s) 222 A 1n the proximal extension portion
216A. A third leg 228A3 of the H-shaped lumen extends
distally to a fluid opening 230A formed 1n the first mating
interface 224A. A fourth leg 228A4 of the H-shaped lumen
extends distally to one or more fiber openings 232A formed
in the first mating interface 224A.

The distal frame 218 A can include at least one open face
234A through which the interior of the frame can be
accessed. When assembled, the first key plate 208A can be
glued to the frame 218A using an adhesive such that the first
key plate covers the open face 234 A of the frame. As shown
in FIG. 11D, the first key plate 208A can include a planar
base portion 236 A with a raised key projection 238A con-
figured to interface with a corresponding recess 240A 1n the
connector housing 204. The size and shape of the projection
238A can be selected such that the first connector assembly
202A can only mate with the connector housing 204 in one
orientation.

As shown 1n FIG. 11E, the first internal overmold 210A
can be configured to slide over the proximal extension
portion 216 A and cover the proximal-facing surface of the
distal frame 218A, or can be 1njection molded therearound.
The first internal overmold 210A can be configured to
support the proximal extension 216A and provide strain
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relief. The first internal overmold 210A can also include a lip
242 A for forming the distal sidewall of a trough 1n which the
first gasket 212A 1s seated.

The first gasket 212A can be configured to form a fluid-
tight seal at the interface between the first connector assem-
bly 202A and the connector housing 204. In some embodi-
ments, the first gasket 212A can be a rubber O-ring.

The first external overmold 214A can be configured to
slide over the first internal overmold 210A, or can be
injection molded therearound, and can include a lip 244 A for
forming the proximal sidewall of the trough 1n which the

first gasket 212 A 1s seated. The first external overmold 214A

can include a gripping surface 246 A defined by a series of
grooves or ribs, and can include raised tabs 248A and/or
slots 250A configured to mate with corresponding features
formed 1n the connector housing 204, such that the first
connector assembly 202A can snap-fit into the connector

housing 204.

Referring again to FIG. 11B, the second connector assem-
bly 202B can include a second connector body 206B, a
second key plate 208B, a second internal overmold 210B, a
second gasket 212B, and a second external overmold 214B.

As shown 1n FIG. 11F, the second connector body 2068
can include a distal extension portion 2168 and a proximal
rectangular parallelepiped frame 218B. The distal extension
portion 216B can include a flmid passageway 220B extend-
ing therethrough. The proximal-facing surface of the frame
218B can define a second mating interface 224B configured
to abut with the first mating interface 224A of the first
connector body 206A, as discussed below. The frame 218B
can also include internal baflles 226B that define a substan-
tially H-shaped lumen 228B. In other words, the H-shaped
lumen 228B can include first and second pathways that
extend generally in the same direction with a crossover
pathway joining the two together. As shown, a first leg
228B1 of the H-shaped lumen 228B extends distally to the
fluid passageway 2208 1n the distal extension portion 216B.
A second leg 228B2 of the H-shaped lumen 228B extends
distally to a closed-ofl termination 252B formed by the wall
of the frame 218B. A third leg 228B3 of the H-shaped lumen
228B extends proximally to a fluid opening 230B formed 1n
the second mating interface 224B. A fourth leg 228B4 of the
H-shaped lumen 228B extends proximally to one or more
fiber openings 232B formed 1n the second mating interface
224B.

The proximal frame 218B can include at least one open
face 234B through which the interior of the frame can be
accessed. When assembled, the second key plate 208B can
be glued to the frame 218B using an adhesive such that the
second key plate covers the open face 234B of the frame. As
shown 1n FIG. 11G, the second key plate 208B can include
a planar base portion 236B with a raised key projection
238B configured to interface with a corresponding recess
240B 1n the connector housing 204. The size and shape of
the projection 238B can be selected such that the second
connector assembly 202B can only mate with the connector
housing 204 1n one ornientation. The second key plate 208B,
which can form part of a disposable portion of the system
100, can include an RFID tag or other identifier which can
be read by the 1dentification module 184 as discussed above.
In particular, the second key plate 208B can be 1njection
molded around an RFID tag. It will be appreciated that the
RFID tag can also be placed 1n any of a varniety of other
places 1n the disposable portion of the system 100, such as
in the glove 110, the membrane 112, or the disposable
portion’s packaging.
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Referring again to FIG. 11E, the second internal overmold
210B can be configured to slide over the distal extension
portion 216B and cover the distal-facing surface of the
proximal frame 218B, or can be injection molded there-
around. The second internal overmold 210B can be config-
ured to support the distal extension 216B and provide strain
reliel. The second 1nternal overmold 210B can include a lip
242B for forming the proximal sidewall of a trough 1n which
the second gasket 212B 1s seated.

The second gasket 212B can be configured to form a
fluid-tight seal at the interface between the second connector
assembly 202B and the connector housing 204. In some
embodiments, the second gasket 212B can be a rubber
O-ring.

The second external overmold 214B can be configured to
slide over the second internal overmold 210B, or can be
injection molded therearound, and can include a lip 244B for
forming the distal sidewall of the trough 1n which the second
gasket 212B 1s seated. The second external overmold 214B
can include a gripping surface 2468 defined by a series of
grooves or ribs, and can include raised tabs 248B and/or
slots 2508 configured to mate with corresponding features
formed in the connector housing 204, such that the second
connector assembly 202B can snap-fit into the connector
housing 204.

As shown 1n FIG. 11B, the connector housing can include
a rectangular parallelepiped frame 252 with a proximal
opening 234 for receiving the first connector assembly 202A
and a distal opening 256 for receiving the second connector
assembly 202B. The housing 204 can include key slots
240A, 240B for receiving the first and second key plates
208A, 208B, respectively, as shown 1n FIGS. 11D and 11G.
The housing 204 can also include a mating flange 258 and
spring arms 260 that together define a channel 262 1n which
the chassis of the controller 106 can be received. In particu-
lar, as the connector housing 204 1s inserted through an
opening in the controller chassis 264 during system assem-
bly, the chassis wall 266 causes the spring arms 260 to
deflect mnwardly towards the housing 204. As the housing
204 1s advanced further through the opening, the spring arms
260 surpass the chassis wall 266 and return outwardly away
from the housing 204 to lock the chassis wall 266 in the
channel 262, between the spring arms 260 and the flange
2358, as shown for example 1n FIG. 12A. It will be appre-
ciated that other techmiques can also be used to mount,
attach, or integrate the connector system 200 with the
controller chassis 264. For example, the flange 258 can be
configured to be disposed in the interior of the chassis 264,
and/or can include one or more mounting screws or bolts for
securing the housing 204 to the chassis 264. In some
embodiments, the connector housing 204 can be formed
integrally with at least one of the first connector body 206 A
and the second connector body 206B.

The components of the connector system 200 can be
formed using a variety of techniques (e.g., stereolithography
or 1njection molding) and from a variety of materials (e.g.,
polyvinyl chloride or polymethyl methacrylate (PMMA)).

As shown 1n FIG. 11H, the first mating intertace 224 A of
the first connector body 206A and the second mating inter-
tace 224B of the second connector body 206B can be placed
in apposition such that fibers 122A extending through the
first connector body are placed 1n optical communication
with fibers 122B extending through the second connector
body, and such that a fluid lumen 124 A extending through
the first connector body 1s placed in fluid commumnication
with a fluid lumen 124B extending through the second
connector body. The first mating interface 224A can be
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maintained in alignment with the second mating interface
224B by the connector housing 204.

As also shown 1n FIG. 11H, the connector system 200 can
allow one or more optical fibers 122 to be introduced 1nto a
fluid-tight passage (e.g., the inflation tube 124 of a prostate
evaluation system 100). In the 1llustrated connector system
200, a first set of three optical fibers 122A enters the
proximal end of the first connector body 206 A through the
fiber passageway 222A in the proximal extension portion

216A. The fibers 122A then extend through the second leg
228 A2 of the H-shaped lumen and 1nto the fourth leg 228 A4,
where their terminal distal ends are presented at the first
mating interface 224A. The terminal proximal ends of the
fibers 122A can be coupled to the light source 170 and
optical sensors 168R1, 168R2 of the controller 106, as
shown 1n FIG. 12A. The first set of optical fibers 122 A can
thus extend through less than an entire length of the fluid
lumen formed 1n the first connector body 206A.

A second set of three optical fibers 122B enters the distal
end of the second connector body 2068 through the inflation
lumen 220B 1n the distal extension portion 216B. The fibers
1228 then extend through the first leg 228B1 of the
H-shaped lumen, through the crossover path, and into the
fourth leg 228B4, where their terminal proximal ends are
presented at the second mating interface 224B. The terminal
distal ends of the fibers 122B can be mounted 1n the finger
clip 120, as shown 1n FIG. 12B.

In some embodiments, the ends of the fibers 122A, 122B
presented at the first and second mating interfaces 224 A,
2248 can be square-cut to form a butt joint with each other.
In other embodiments, the ends of the fibers 122A, 122B can
be slash- or oblique-cut to form a miter joint with each other.
Use of a miter joint can, in some instances, reduce reflec-
tions produced at the fiber junction, and thereby reduce noise
and 1mprove measurement accuracy.

In addition to providing a fiber path, the connector system
200 can define a flmd-tight passageway extending there-
through. Fluid supplied from the controller inflation system
(e.g., from a manual pump 164 and pressure relief valve 166
as shown 1 FIG. 12A) can enter the proximal end of the
fluid passageway 220A and can flow through the first and
third legs 228A1, 228A3 of the H-shaped lumen in the first
connector body 206A. The fluid can then flow across the
intersection of the first and second mating interfaces 224 A,
2248, and into the third and first legs 228B3, 228B1 of the
H-shaped lumen 1n the second connector body 206B. The
fluid can then flow through the fluid passageway 220
formed 1n the distal extension portion 216B (e.g., to the
inflation tube 124 leading to the sealed membrane volume
116 of the measurement assembly 104, as shown in FIG.
12B).

The mated connector system 200 thus provides a continu-
ous tluid-tight passage having proximal and distal terminal
ends, 1n which one or more optical fibers 122 can enter the
fluid-tight passage at a location other than the proximal and
distal terminal ends. In other words, the connector system
200 can allow optical fibers 122 to extend from a position
outside of the inflation path to a position 1nside the intlation
path without losing inflation pressure.

It will be appreciated that the system 100 can be divided
into a reusable portion and a disposable portion. The reus-
able portion, shown in FIG. 12A, can include the controller
106, the connector housing 204 mounted in the controller
chassis 264, and the first connector assembly 202A disposed
within the controller chassis. The disposable portion, shown
in FIG. 12B, can include the second connector assembly
202B and the measurement assembly 104. The connector
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system 200 can thus allow for quick and easy connection/
disconnection of the optical and fluid systems of the reusable
portion and the disposable portion in a single operation.

Methods

An exemplary method of using the system 100 to measure
a patient’s prostate 1s as follows. First, the user can remove
the disposable portion of the system (e.g., the measurement
assembly 104 and the second connector assembly 202B)
from 1ts packaging. The user can then couple the disposable
portion to the reusable portion of the system. For example,
the second connector assembly 202B can be inserted into the
connector housing 204 mounted in the controller 106. The
user can then don the glove 110 and insert their forefinger
into the patient’s rectum. As noted above, the finger clip 120
can be attached to the dorsal and distal surfaces of the user’s
finger, such that the ventral surface of the user’s finger
remains Iree to perform a digital rectal examination as
would conventionally be done with a standard exam glove.
The user can therefore perform a standard digital rectal
examination and obtain a prostate measurement using the
system 100 without changing gloves.

When the user i1s ready to take a measurement, the
membrane 112 can be positioned adjacent to the rectal wall
in proximity to the prostate 102. The membrane 112 can then
be intlated such that the membrane expands 1nto contact
with the rectal wall. The membrane 112 can be inflated by
actuating a manual pump, or by pushing a button or other
user interface element on the controller 106 to activate an
clectromechanical pump, valve, or other inflation system
component. As explained above, when the membrane 112 1s
inflated, the spacing 128 and width of the indicia 126 on the
reference pattern 118 can remain substantially constant.

Before or after inflating the membrane 112, the user can
locate a first prostate lateral margin with their finger. The
user can then push a button or other user interface element
on the controller 106 to initiate execution of a measurement
routine by the processor 152. The button or user interface
clement for intiating a measurement can be the same as the
one for inflating the membrane 112, such that a single button
push 1s eflective to both intlate the membrane and 1nitiate a
measurement. Separate buttons can alternatively be pro-
vided. The user can then swipe their finger from the first
prostate lateral margin to the second prostate lateral margin,
thereby moving the finger clip 120 and associated optical
fibers 122 along the measurement axis M of the reference
pattern 118, as the reference pattern and membrane 112
remain stationary against the rectal wall.

As the user’s finger moves across the reference pattern
118, light generated by the light source 170 can be trans-
mitted to the reference pattern through the transmuitting fiber

12271, and reflected back from the reference pattern to the
optical detectors 168R1, 168R2 through the first and second

receiver fibers 122R1, 122R2. As the receiver fibers move
from a light region 128 to a dark region 126 and vice-versa,
the optical sensor outputs provided to the processor 152
change. The processor 152 can maintain a count of such
transitions until the user reaches the second prostate lateral
margin, at which time the user can end the measurement
procedure, for example by pushing a button or user interface
clement on the controller 106, or by holding their finger
stationary such that a predetermined time elapses without a
change 1n sensor output, thereby triggering the processor to
end the measurement routine. If the user changes the direc-
tion in which they are moving their finger during the
measurement routine, such a change 1n direction can be
detected as described above and can trigger an error message
to the user or compensation processing.
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When the measurement procedure 1s finished, the proces-
sor 152 can calculate or estimate values for the palpable
surface width and/or volume of the prostate as described
above. These values can then be displayed on the display
160, stored 1n the storage device 158, and/or transmitted to
the computer system 108 for storage and/or further process-
ing. For example, the measured volume of the prostate can
be compared to a threshold volume based on the patient’s
age or other factors to determine whether a biopsy should be
recommended to the patient. When the user 1s finished
taking measurements, the membrane can be deflated (e.g.,
automatically upon the user’s pressing of an “end measure-
ment” button) and the measurement assembly 104 can be
removed from the patient. The second connector assembly
202B can be unplugged from the connector housing 204 and
the disposable portion of the system 100 can be taken off and
discarded 1n accordance with proper medical waste disposal
procedures. In some embodiments, the “disposable” portion
of the system 100 can also be cleaned and/or sterilized for
subsequent reuse.

Measurement Assembly

FIGS. 13-20B 1illustrate an alternate measurement assem-
bly 300 that can be used 1n the system 100 described above.
For example, the measurement assembly 300 can be coupled
to the controller 106 by the connector system 200 or another
connector system of the type described herein, and can be
used substantially as described above with respect to the
measurement assembly 104 to measure an object (e.g., a
prostate 102). The measurement assembly 300 can include
any of the features described above with respect to the
measurement assembly 104.

The measurement assembly 300 1s shown being worn on
a human hand i FIGS. 13-14 and 1n isolation i FIGS.
15-17. FIG. 18 1s an exploded view of a distal portion of the
measurement assembly 300, FIG. 19 1s an exploded view of
a proximal portion of the measurement assembly 300, and
FIGS. 20A-20B are views of a balloon portion of the
measurement assembly 300 from above and below. To
facilitate illustration of the various components of the mea-
surement assembly 300, the balloon portion 1s hidden 1n
FIGS. 14, 16, and 17 and made transparent 1n FIG. 15.

The measurement assembly 300 can include a measure-
ment pattern on a rotatable ring or wheel configured to be
mounted to the user’s finger. The measurement pattern can
be configured to rotate relative to the user’s finger as a
measurement 1s taken.

As shown, 1n some embodiments, the distal portion of the
measurement assembly 300 can include a finger clip base
302, a finger clip cap 304, a shroud 306, a roller ring 308,
a measurement pattern 310, and one or more optical fibers
312.

The measurement pattern 310 can be adhered or otherwise
attached to a proximal facing surface of the roller ring 308.
In some embodiments, the measurement pattern 310 1is
formed integrally with the roller ring 308, ¢.g., by printing
or engraving the measurement pattern directly on the roller
ring. The measurement pattern 310 can include a continuous
sequence of alternating light and dark regions. For example,
the measurement pattern 310 can be a planar, ring-shaped
member with a plurality of radially-extending white and
black stripes arranged an a continuous manner about the
circumierence of the measurement pattern. The roller ring
308 can include an annular recess 314 formed 1n an 1nterior
surface thereof that receives a corresponding annular pro-
trusion 316 formed on the finger clip cap 304. The recess
314 and the protrusion 316 can interact to allow the roller
ring 308 to rotate about a central longitudinal axis of the
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finger clip cap 304 while maintaining the roller ring at a
substantially fixed longitudinal position with respect to the
finger clip cap. The finger clip cap 304 can include a
longitudinal cutout 318 to allow the finger clip cap to deform
radially inwards during assembly and then snap into engage-
ment with the roller ring 308 when the recess of the roller
ring 1s positioned over the protrusion of the finger clip cap.
The outer surface of the roller ring 308 can have a textured
coating or other surface features to provide additional fric-
tion when the roller ring 1s rolled across a surface to be
measured.

The finger clip cap 304 can include first and second ears
320 that extend radially outward therefrom to snap nto
engagement with corresponding openings 322 formed 1n the
finger clip base 302 to attach the finger clip cap to the finger
clip base. The longitudinal cutout 318 of the finger clip cap
304 can allow the finger clip cap to deform radially mnwards
during assembly and then snap into engagement with the
finger clip base 302 when the openings 322 of the base are
positioned over the ears 320 of the cap. The finger clip base
302 can include a longitudinal channel through which the
distal ends of the one or more optical fibers 312 are disposed.
The finger clip base 302 can include a proximally-extending
trough 324 that receives the distal end of the inflation tube
326 and acts as a stress relief. The finger clip base 302 can
also serve as a polishing fixture for polishing the fibers 312
flush to the surface of the base 302, eliminating the need to
pre-polish the fibers prior to fiber termination into the finger
clip base. The shroud 306 can cover the upper or dorsal
portion of the roller ring 308 to prevent inadvertent rotation
of the roller ring, e¢.g., when the assembly 300 contacts
portions of the rectum other than the palpable surface of the
prostate. In some embodiments, the shroud 306 can be
omitted.

The proximal portion of the measurement assembly 300
can include a distal sleeve 328, a proximal sleeve 330, a first
ring 332, a second ring 334, and an inflation tube 326. The
inflation tube 326 can provide a path for routing the fibers
312 to the distal portion of the measurement assembly 300
and can define an inflation lumen through which a fluid can
be delivered to the interior of the balloon portion of the
assembly to inflate the balloon 336. The sleeves 328, 330
and the rings 332, 334 can provide a fluid-tight seal between
the user’s finger and the balloon 336, such that the balloon
can be pressurized and inflated without leakage back along
the user’s finger. The sleeves 328, 330 and the rings 332, 334
can also clamp the balloon 336 tightly to the user’s finger to
prevent the balloon 336 from rotating relative to the user’s
finger or slipping ofl of the user’s finger. The sleeve 332 and
the ring 334 can also provide an anti-torque connection
between the glove 330, the human finger, and the balloon
336 such that movement of the finger and finger clip
assembly does not impart any unwanted twisting torque to
the balloon assembly.

In some embodiments, the proximal portion of the mea-
surement assembly 300 can include an mner member and an
outer member rotatably coupled to one another. The 1nner
member can be rotationally fixed to the user’s finger, e.g.,
via Irictional engagement directly with the user’s finger or
with an intervening membrane. The outer member can be
rotationally fixed to the balloon 336, ¢.g., via irictional
engagement or an adhesive connection directly with the
balloon or with an intervening membrane. The outer mem-
ber can be configured to rotate relative to the inner member
to allow the user to rotate their finger within the balloon 336.

The balloon portion of the measurement assembly can
include an mflatable membrane 336 and a balloon constraint
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member 338. The inflatable membrane 336 can have a
tapered or tear-drop shaped distal portion, a narrower central
waist portion, and a flared proximal portion. The shape of
the membrane 336 can advantageously promote the desired
vold geometry for accurate measurement, €.g., by promoting
a large 1nterior void 1n the vicimty of the roller ring 308. The
distal portion of the inflatable membrane 336 can have a
greater thickness than the remainder of the membrane, or
can have a different material composition to make the distal
end less elastic and less likely to deform distally when
inflated, up mto the cavity in which the measurement is
being performed. In some embodiments, the intlatable mem-
brane 336 can be formed from synthetic latex.

The balloon constraint member 338 can be configured to
control the direction and/or degree to which the inflatable
membrane 336 expands as it 1s inflated. In the 1llustrated
embodiment, the balloon constraint member 338 1s an adhe-
sive strip or band of material that extends longitudinally
along the dorsal surface of the membrane 336, wraps around
the closed distal end of the membrane, and returns along the
ventral surface of the membrane. The balloon constraint
member 338 can be substantially resistant to stretching, and
can therefore prevent the inflatable membrane 336 from
stretching longitudinally during inflation. Instead, the inflat-
able membrane 336 can tend to expand radially when
inflated. In addition, the balloon constraint member 338 can
resist deformation of the balloon 336 i1n the ventral and
dorsal directions, and instead urge the membrane to inflate
laterally. This can give the inflated membrane 336 an
asymmetrical shape (e.g., a shape having an oval transverse
cross-section) which can advantageously prevent the
inflated membrane from rotating within the rectum or other
cavity in which the measurement 1s being performed. The
balloon constraint member 338 can be a length of single or
double sided tape adhered to the outside of the membrane
336 and bonded thereto by a thin layer of adhesive applied
over the top of the balloon constraint member and the
membrane. In some embodiments, the balloon constraint
member 338 1s just a smear of glue applied 1n a longitudinal
stripe on the membrane 336. The balloon constraint member
338 can be embedded within the wall of the membrane 336.

In use, a user can 1nsert their finger through the measure-
ment assembly 300 such that the distal tip of the finger 1s
seated against the distal end of the finger clip cap 304. As
shown, the lower distal portion of the finger clip cap 304 can
be open to allow the user to directly palpate the measure-
ment area (through the balloon) if desired. The user can then
swipe their finger laterally across the measurement area
(e.g., the palpable surface of the prostate) to cause the roller
ring 308 and the measurement pattern 310 attached thereto
to rotate relative to the finger clip base 302 and the one or
more optical fibers 312. Changes 1n detected light that occur
as the measurement pattern 310 rotates 1n front of the fibers
312 can be processed by the controller to calculate a
measurement distance which can in turn be used to estimate
prostate volume. The one or more optical fibers 312 can
include multiple receiver fibers, as described above, to allow
the direction in which the roller ring 308 1s rotating to be
determined, which can allow for error detection or compen-
sation. The fibers 312 can be positioned in a triangle
configuration as described above. The measurement assem-
bly 300 can be worn directly on the skin surface of the user
without any additional glove or membrane, as shown, or can
be used with one or more gloves. For example, the user can
first don a glove and then 1nsert their gloved finger into the
measurement assembly 300 such that the measurement
assembly 1s disposed over an exterior of the glove. By way
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of further example, the user can insert their finger into the
measurement assembly 300 and then don a glove such that
the glove 1s disposed over the exterior of the measurement
assembly.

The measurement assembly 300 can, in at least some
embodiments, provide a number of advantages. The struc-
ture of the measurement assembly 300 can maintain the
fibers 312 at a minimal, fixed distance from the measure-
ment pattern 310, regardless of variables such as user finger
size, rectum dimensions, user movement, etc. which can
improve measurement accuracy. The measurement pattern
310 can also be less susceptible to deformation or inadver-
tent movement, which can likewise improve measurement
accuracy. The design of the measurement assembly 300 can
also eliminate sharp bends in the fibers 312 which can
reduce failure rate and make manufacturing easier. The
shroud 306 can prevent the top surface of the roller ring 308
from contacting anything, so that the ring only rotates when
the bottom surface 1s dragged across the prostate or other
measurement target. The roller ring 308 can provide a
continuous measurement pattern 310 to allow for infinite
measurement distance, which can avoid the need to have
different sized measurement patterns for different sized
patients. The shroud 306 and finger clip cap 304 can have a
tapered distal end shape to provide an atraumatic lead-in
surface for initial insertion into the cavity i which the
measurement 1s to be performed. The interior of the finger
clip cap 304 can help retain the user’s finger and the closed
distal end can provide a positive indication that the user’s
finger 1s fully seated 1n the measurement assembly 300. The
measurement assembly can include a large ventral window
to give the user good tactile feedback when palpating the
prostate. In other words, substantially the entire pad of the
user’s finger can be exposed via the window to facilitate
palpation. The nside of the finger clip cap 304 can include
a boss or ramped projection that acts to wedge the user’s
finger mside of the cap and provide a snug, secure fit.

Measurement Assembly

FIGS. 21-28 1llustrate an alternate measurement assembly
400 that can be used 1n the system 100 described above. For
example, the measurement assembly 400 can be coupled to
the controller 106 by the connector system 200 or another
connector system of the type described herein, and can be
used substantially as described above with respect to the
measurement assembly 104 or the measurement assembly
300 to measure an object (e.g., a prostate 102). The mea-
surement assembly 400 can include any of the features
described above with respect to the measurement assembly
104 or the measurement assembly 300.

The measurement assembly 400 can include a glove 410
with a membrane 412 disposed over a digit extension 414
thereot to define a closed volume 416 between the glove 410
and the membrane 412. The digit extension 414 can be a
separate component from the rest of the glove. The digit
extension can be attached to the glove, for example via first
and second rings 428, 430. A finger clip assembly 420 can
be disposed over the digit extension 414, beneath the mem-
brane 412. The finger clip assembly 420 can include a roller
wheel 432 with a reference pattern 418 formed thereon or
coupled thereto. One or more optical fibers 422 can be
mounted in a channel or lumen formed 1n the finger clip
assembly 420. The optical fibers 422 can be configured to
transmit light generated by a light source in the controller
106 to the reference pattern 418, and to transmit light
reflected from the reference pattern to an optical sensor in
the controller. The measurement assembly 400 can also
include an inflation tube 424 extending into the closed
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volume 416 and configured to supply an inflation medium to
e closed volume to inflate the membrane 412 and expand
he closed volume, or to extract an inflation medium from
ne closed volume to deflate the membrane 412 and reduce
e closed volume. The optical fibers 422 can extend through
the inflation tube 424, and a suitable connector (e.g., a
connector assembly 202B of the type described above) can
be provided at a proximal end of the inflation tube for
coupling the inflation tube and the optical fibers to the
controller 106.

In an exemplary method of operation, the measurement
assembly 400 can be worn by a user (e.g., disposed over the
user’s hand). The user can then position the membrane 412
in proximity to an area to be measured (e.g., a patient’s rectal
wall, adjacent the prostate). The membrane 412 can be
inflated using the controller 106. With the membrane 412
remaining substantially stationary and the light source acti-
vated, the user can swipe their gloved finger and the finger
clip assembly 420 attached thereto from a first lateral margin
of the prostate to a second lateral margin of the prostate. As
the finger clip assembly 420 moves across the prostate, the
roller wheel 432 rotates to move the reference pattern 418
across the sight line of the fibers 422 such that light retlected
from the reference pattern can be transmitted to the control-
ler 106, where 1t can be processed to determine or estimate
various properties of the prostate, such as the palpable
surface width of the prostate or the volume of the prostate.

The glove 410 can include one or more digit extensions
414 corresponding to, and configured to receive, the fingers
of a human hand. The glove 410 can thus be configured to
be removably disposed around a human hand or a portion
thereof. The glove 410 can be formed from any of a variety
of materials suitable for use in a medical environment,
including latex, natural rubber latex, neoprene, nitrile, vinyl,
Vytex, and so forth. In some embodiments, the glove 410
can be a standard exam glove or surgical glove. In the
illustrated embodiment, a complete glove 1s shown (e.g., a
glove having five digit extensions and configured to envelop
the entirety of a human hand). It will be appreciated,
however, that in some embodiments less than a complete
glove can be used. For example, the glove can be 1n the form
of a finger cot configured to cover only a single finger or
portion thereof. In other embodiments, the glove can be
omitted altogether and the membrane 412 can be sealed
directly around the user’s finger.

The membrane 412 can be disposed over a portion of the
glove 410 (e.g., one or more digit extensions 414 thereot),
or can be disposed over the entirety of the glove 410. In
some embodiments, the membrane 412 can be defined by a
finger cot having an elongate tubular structure with a closed
distal end and an open proximal end. The membrane 412 can
have any of the features of the balloon 336 and/or constraint
member 338 described above. The membrane 412 can be
positioned over a digit extension 414 of the glove 410, such
as the forefinger digit extension as shown, and the open
proximal end of the membrane can be sealed circumieren-
tially around the digit extension.

The measurement assembly 400 can include anti-torque
features configured to 1solate movement (e.g., rotation) of a
digit extension from the rest of the glove. For example, 1n
the 1llustrated embodiment, first and second anti-torque
rings 428, 430 are used to attach the forefinger digit exten-
sion 414 to the rest of the glove 410. The digit extension 414
can be mated to a sealing surface 434 defined by a distal
portion of the exterior surface of the first ring 428, for
example using an adhesive. The open stub 436 on the glove
410 can be mated to a sealing surface 438 defined by a
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proximal portion of the interior surface of the second ring
430, for example using an adhesive. The first ring 428 can
include an internal groove 440 configured to receive an
external r1b 442 formed on the second ring 430, such that the
second ring can be at least partially received within the first
ring and can be rotatably coupled to the first ring. Accord-
ingly, the digit extension 414 can be iree to rotate about 1ts
longitudinal axis with respect to the rest of the glove 410 by
rotating the first ring 428 relative to the second ring 430.
Decoupling rotation of the digit extension 414 from the rest
of the glove 410 can advantageously allow the digit exten-
sion to move with a finger disposed therein without wrin-
kling, rotating, or twisting relative to the finger as the finger
1s moved relative to the rest of the glove. The first ring 428
can provide a fluid-tight seal between the digit extension 414
and the membrane 412, such that the interior volume 416
can be pressurized and inflated without leakage. The rings
428, 430 can clamp the digit extension 414 tightly to the
user’s finger to prevent the digit extension from rotating
relative to the user’s finger or slipping off of the user’s
finger.

The membrane 412 can be sealed directly to the glove
410, or the membrane can be sealed to the anti-torque
assembly as described above. For example, the open proxi-
mal end of the membrane 412 can be sealed to a mating
groove 444 formed 1n the exterior of the first ring 428. The
membrane 412 can be sealed to the first ring 428 using any
of a variety of techniques, including UV-curable and/or
biocompatible cements or adhesives. Exemplary adhesives
include Dymax 1202-M-SC and Dymax 222/450 (available
from Dymax Corporation of Torrington, Conn.). The mem-
brane 412 can be sealed to the first nng 428 and, by
extension, to the digit extension 414 sealed to the first ring,
such that a closed, fluid-tight volume 416 1s defined between
the membrane and the digit extension. In some embodi-
ments, the membrane 412 can be rotatably coupled to the
digit extension 414 and/or to the user’s finger. In some
embodiments, the membrane 412 can be sealed directly to
the user’s finger, without an intervening glove or digit
extension.

The mflation tube 424 can extend through a cradle 446
formed 1n the first ring 428. The intlation tube 424 can be
sealed between the membrane 412 and the first ring 428,
such that the inflation tube extends into the closed volume
416 and a distal outlet of the inflation tube 1s disposed within
the closed volume. The membrane 412 can be configured to
expand or inflate when an inflation medium 1s supplied
through the inflation tube 424, and to contract or deflate
when an 1nflation medium 1s removed through the inflation
tube. Like the glove 410, the membrane 412 can be formed
from any of a variety of materials suitable for use 1 a
medical environment, including latex, natural rubber latex,
neoprene, nitrile, vinyl, Vytex, synthetic Polyisoprene, and
so forth. In some embodiments, the membrane 412 1s formed
from the same material as the glove 410 and 1s configured to

withstand strain forces applied thereto during inflation. The
membrane 412 can have a thickness of about 0.010 inches.
The thickness can be uniform along an entire area of the
membrane 412, or the thickness can vary. The exterior
surtace of the membrane 412 can be knurled or otherwise
textured to enhance grip with the surrounding cavity during,
a measurement.

The finger clip assembly 420 1s shown 1n more detail in
FIGS. 25-28. The finger clip assembly 420 can be configured

to hold one or more optical fibers 422 1n a fixed position
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relative to the user’s finger, 1n a fixed position relative to one
another, and/or 1n a fixed alignment relative to the reference
pattern 418.

As shown, the finger clip assembly 420 can include a base
portion 448 configured to substantially conform to the dorsal
surface of a user’s finger (or a user’s gloved finger as the
case may be). The base portion 448 can include a curved or
bent distal end configured to substantially conform to the
distal tip of the user’s finger. Thus, the finger clip assembly
420 can be attached to the digit extension 414 of the glove
410 such that 1t extends along a dorsal surface of the digit
extension and down across a distal tip of the digit extension.
It will be appreciated that the finger clip assembly 420 can
be adhered or otherwise attached to the digit extension 414,
such that the finger clip assembly remains 1n a fixed position
relative to a user’s finger when the glove 1s worn by the user.
Intlation pressure within the closed volume 416 can also be
cllective to retain the finger clip assembly 420 on the user’s
finger by pressing the digit extension 414 to which the finger
clip assembly 1s attached down on to the user’s finger.

The finger clip assembly 420 can include a fiber guide 450
that defines one or more paths through which one or more
optical fibers 422 can be routed. For example, the fiber guide
450 can include an open channel, a closed tunnel, or a
combination thereol through which the optical fibers 422
extend. The fiber guide 450 can be attached to a dorsal
surface of the base portion 448, e.g., via a male projection
that 1s snap-fit or adhered to a female recess defined 1n the
base portion. The distal end of the fiber guide 450 can be
curved upward 1n a dorsal direction to onient the optical
windows of the fibers 422 with respect to the measurement
pattern 418. For example, the fiber guide 450 can be shaped
to orient the distal ends of the fibers 422 such that they
extend perpendicular to the plane of the measurement pat-
tern 418. The distal end of the fiber guide 450 can also be

configured to maintain the distal end of the fibers 422 at a
fixed distance from the reference pattern 418, which can
Improve measurement accuracy.

The fiber guide 450 can include a proximally-extending
trough that receives the distal end of the inflation tube 424

and acts as a stress relief. The fiber guide 450 can also serve
as a polishing fixture for polishing the fibers 422 flush to the
surface of the fiber guide, eliminating the need to pre-polish
the fibers prior to fiber termination into the finger clip
assembly 400.

The measurement pattern 418 can be adhered or otherwise
attached to a proximal facing surface of a roller ring 432. In
some embodiments, the measurement pattern 418 1s formed
integrally with the roller ning 432, e.g., by printing or
engraving the measurement pattern directly on the roller
ring. The measurement pattern 418 can include a continuous
sequence of alternating light and dark regions. For example,
the measurement pattern 418 can be a planar, ring-shaped
member with a plurality of radially-extending white and
black stripes arranged an a continuous manner about the
circumierence of the measurement pattern.

The roller ring 432 can be rotatably mounted to the base
portion 448 of the finger clip. For example, the roller ring
432 can include a central opening sized to receive a cylin-
drical protrusion 452 formed on the base portion 448 that
serves as an axle. The roller ring 432 can be retained on the
axle 452 by a locking pin 454. The locking pin 454 can
include a proximally-extending post that 1s received within
a female recess of the axle 452, e.g., via a threaded, snap-1it,
or adhesive engagement. The locking pin 454 can have a
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blunt, rounded, or otherwise atraumatic distal-facing surtace
to reduce or prevent patient discomfort or irritation during
use.

The roller ring 432 can be configured to rotate about a
central longitudinal axis of the axle 452 while maintaining
the roller ring at a substantially fixed longitudinal position
with respect to the base portion 448. The outer surface of the
roller ring 432 can have a textured coating or other surface
features (e.g., ribs, teeth, grooves, etc.) to provide additional
friction when the roller ring 1s rolled across a surface to be
measured. The engagement surface of the roller ring 432 can
be disposed distal to a distal-most extent of the user’s finger.
The central longitudinal axis of the axle 452 (and thus the
axis of rotation of the roller ring 432) can be disposed at any
of a varniety of angles with respect to a central longitudinal
axis of the user’s straightened finger. The angle can be an
oblique angle. The angle can be between about 0 degrees and
about 90 degrees. The angle can be between about 30
degrees and about 60 degrees. The angle can be between
about 40 degrees and about 50 degrees. The angle can be
about 45 degrees. Angling the roller ring 432 can advanta-
geously allow for the ring to be positioned substantially
perpendicular to the rectal wall when the user’s finger 1s bent
to a typical palpation/examination position.

The finger clip assembly 420 can be disposed entirely
within the closed volume 416 defined between the mem-
brane 412 and the digit extension 414, such that 1ts proximal
end 1s adjacent to the distal outlet of the inflation tube 424.
The inflation tube 424 can terminate a distance from the
proximal end of the finger clip assembly 420, such that
inflation media directed through the inflation tube 424 can
exit the tube at 1ts distal end and enter the closed volume 416
without being obstructed by the finger clip assembly 420.

The measurement assembly 400 can include one or more
optical fibers 422 configured to transmit light generated by
a light source to the reference pattern 418, and/or to transmut
light retlected from the reference pattern to an optical sensor.
The optical fibers 422 can extend through the 1nflation tube
424 and can be routed through the fiber path defined by the
finger clip assembly 420. The optical fibers 422 can be
secured within the fiber path, for example using a friction fit
or a suitable adhesive.

In use, a user can insert their finger through the measure-
ment assembly 400 such that the distal tip of the finger 1s
seated against the distal end of the base portion 448 of the
finger clip assembly 420. The ventral portion of the finger
clip assembly 420 can be open to allow the user to directly
palpate the measurement area (through the digit extension
414 and membrane 412) 11 desired. The user can then swipe
their finger laterally across the measurement area (e.g., the
palpable surface of the prostate) to cause the roller ring 432
and the measurement pattern 418 attached thereto to rotate
relative to the fiber guide 450 and the one or more optical
fibers 422. Changes 1n detected light that occur as the
measurement pattern 418 rotates in front of the fibers 422
can be processed by the controller 106 to calculate a
measurement distance which can 1n turn be used to estimate
prostate volume. The one or more optical fibers 422 can
include multiple recerver fibers, as described above, to allow
the direction in which the roller ring 432 1s rotating to be
determined, which can allow for error detection or compen-
sation. The fibers 422 can be positioned in a triangle
configuration as described above. The measurement assem-
bly 400 can include a shroud as described above.

The measurement assembly 400 can, i at least some
embodiments, provide a number of advantages. The struc-
ture of the measurement assembly 400 can maintain the
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fibers 422 at a minimal, fixed distance from the measure-
ment pattern 418, regardless of variables such as user finger
size, rectum dimensions, user movement, etc. which can
improve measurement accuracy. The measurement pattern
418 can be less susceptible to deformation or inadvertent
movement, which can likewise improve measurement accu-
racy. The design of the measurement assembly 400 can also
climinate sharp bends in the fibers 422 which can reduce
failure rate and make manufacturing easier. The roller ring

432 can provide a continuous measurement pattern 418 to
allow for infinite measurement distance, which can avoid the
need to have different sized measurement patterns for dif-
terent sized patients. The finger clip assembly 420 can have
a tapered distal end shape to provide an atraumatic lead-in
surface for initial insertion into the cavity i which the
measurement 1s to be performed. The interior of the base
portion 448 can help retain the user’s finger and the curved
distal end can provide a positive indication that the user’s
finger 1s tully seated 1n the measurement assembly 400. The
finger clip assembly 420 can include a large ventral window
to give the user good tactile feedback when palpating the
prostate. In other words, substantially the entire pad of the
user’s finger can be exposed via the window to facilitate
palpation.

FIGS. 29-34 illustrate an alternative finger clip assembly
520 that can be used 1n place of the finger clip assembly 420
above. Except as indicated below and as will be readily
apparent to a person having ordinary skill 1n the art viewing
the drawings, the structure and operation of the finger clip
assembly 520 1s substantially the same as that of the finger
clip assembly 420 described above. The illustrated finger
clip assembly 520 generally includes an integral base por-
tion/fiber guide 548, a roller nng 532 with a measurement
pattern 518, and a locking pin 554, and can be coupled to an
inflation tube 3524 with optical fibers 522 extending there-
through. As shown, the roller ring 532 can have an increased
proximal-distal dimension and can include a series of pro-
trusions or gripping features 356 to promote rolling of the
ring instead of sliding. The protrusions 556 can be spaced
about the circumierence of the roller rning and arranged 1n a
plurality of rings or rows. While five rows of protrusions 556
are shown 1n the illustrated embodiment, it will be appre-
ciated that the roller ring 532 can include any number of
rows or any number of protrusions. The roller ring 532 can
include various other gripping features instead or 1n addi-
tion, such as teeth, knurling, grooves, coatings, roughening,
etc. The contact surface of the roller ring 532 can define a
section of a sphere. The contact surface of the roller rning 532
can have a convexly curved exterior surface.

Connector System

As noted above, the system 100 can include one or more
multiplex connector systems for coupling a measurement
assembly (e.g., the measurement assemblies 104, 300, 400)
to the controller 106. FIGS. 35A-35H illustrate an exem-
plary embodiment of a connector system 600 in which a first
fluid lumen and a first set of optical fibers (which can be
disposed in the controller 106) can be selectively coupled to
a second fluid lumen and a second set of optical fibers
(which can be disposed in the measurement assembly 104).
The 1llustrated connector system 600 can advantageously
ensure proper alignment between the inflation and optical
systems of the controller 106 and the measurement assembly
104. The connector system 600 can also allow the optical
fibers to transition from a position outside of the inflation
lumen to a position within the inflation lumen. The connec-
tor system 600 can also help ensure a repeatable positive
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face-to-face contact/mating of the fibers regardless of any
differences in the connector dimensions and final latched
position.

Except as indicated below and as will be readily apparent
to a person having ordmary skill in the art viewing the
drawings, the structure and operation of the connector
system 600 1s substantially the same as that of the connector
system 200 described above.

As shown, the connector system 600 can include a first
connector assembly 602A, a second connector assembly
6028, and a connector housing 604.

The first connector assembly 602A can include a base
686, a slider 688, and a bias element or spring 690. A first
set of optical fibers 122A (e.g., of the controller 106) can be
secured to the slider 688. For example, the ends of the fibers
122 A can be inserted through a slot formed 1n the slider 688
and secured 1n place using an adhesive or other attachment.
Once 1nserted through and secured to the slider 688, the ends
of the fibers 122A can be cut and polished using the shider
as a fixture.

A first inflation tube 124 A (e.g., of the controller 106) can
be secured to the slider 688. For example, a distal end of the
inflation tube 124 A can be iserted into a proximal opening
of the slider 688 and secured 1n place using an adhesive or
other attachment. A nipple 692 can be secured in a distal
opening of the slider 688, opposite to and 1n fluid commu-
nication with the proximal opening. The nipple 692 can be
secured 1n place using an adhesive or other attachment. In
some embodiments, the mipple 692 can be a short length of
brass tubing. A seal or O-ring 694 can be positioned around
the nipple 692. The slider 688 can thus define a first mating,
interface 624 A at which the fibers 122 A and a fluid lumen of

the inflation tube 124 A are presented for connection to the
second connector assembly 602B.

The slider 688 can be configured to longitudinally trans-
late within the connector housing 604. The slider 688 can
include protrusions 696 which can be received in corre-
sponding tracks formed 1n the interior of the housing 604 to
guide sliding of the slider relative to the housing. It will be
appreciated that, in alternative configurations, the protru-

sions can be formed 1n the housing 604 and the tracks can
be formed 1n the slider 688. The fibers 122 A and the inflation
tube 124 A can be fixedly coupled to the slider 688 such that,
when the slider translates relative to the housing 604, the
fibers 122A and the inflation tube 124 A likewise translate
relative to the housing.

The base 686 can include throughbores or tracks therein
to guide sliding of the fibers 122A and the inflation tube
124 A relative to the housing 604. The base 686 can be fixed
to the housing 604, for example via one or more protrusions
that engage corresponding slots formed 1n the housing. The
base 686 can be secured to the housing 604 using an
adhesive. The base 686 can be non-movably coupled to the
housing 604, such that the base does not move relative to the
housing when the slider 688, the fibers 122A, and the
inflation tube 124A slide relative to the housing.

The bias element or spring 690 can be positioned between
the slider 688 and the base 686. As shown, a first end of the
spring 690 can be received within an indentation or pocket
formed 1n the distal surface of the base 686 and a second,
opposite end of the spring can be recerved within an inden-
tation or pocket formed 1n the proximal surface of the slider
688. The spring 690 can be configured to bias the slider 688
away from the base 686. While a coil spring 690 1s shown,
it will be appreciated that any of a variety of elements for
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biasing the slider 688 away from the base 686 can be used
instead or 1n addition, such as leaf springs, wave springs, and

the like.

The second connector assembly 602B can include a
connector body 6068, a key plate 608B, an internal over-
mold 6108, a gasket 612B, and an external overmold 614B.

The second connector assembly 602B can be substantially
the same as the second connector assembly 202B described
above.

The connector housing 604 can include a proximal open-
ing 634 in which the slider 688 and base 686 are disposed
and a distal opening 656 for receiving the second connector
assembly 602B. The connector housing 604 can include any
of the features of the connector housing 204 described
above. For example, the connector housing 604 can be
mounted in the chassis wall of the controller 106.

As shown 1n FIGS. 35C-35D, the first mating interface
624 A of the slider 688 and the second mating interface 624B
of the second connector body 606B can be placed 1n
apposition such that fibers 122 A extending through the slider
are placed 1n optical communication with fibers 122B
extending through the second connector body, and such that
a fluid lumen 124 A extending through the slider 1s placed 1n
fluid communication with a fluid lumen 124B extending
through the second connector body. The first mating inter-
face 624 A can be maintained in alignment with the second
mating interface 6248 by the connector housing 604.

As the second connector body 606B 1s advanced into the
connector housing 604, 1t can contact the slider 688 and urge
the slider proximally relative to the housing, thereby com-
pressing the spring 690 against the base 686. Accordingly,
when the second connector assembly 602B 1s seated within
the housing 604, the slider 688 and the fibers 122 A and fluid
lumen 124 A attached thereto are urged firmly into contact
with the second connector assembly by the spring 690. This
can help ensure that a fluid-tight seal 1s formed at the mating
between the first and second fluid lumens 124A, 124B and
that a solid optical coupling 1s formed at the mating between
the first and second fiber groups 122A, 122B. The spring-
biased slider 688 can take up any slack in the system that
may exist, e.g., due to manufacturing tolerances or varia-
tions 1n connector seating, thereby ensuring a repeatable
positive face to face contact/mating of the fibers and fluid-

tight connection of the inflation path. The gasket or seal 694
can be compressed against the second connector assembly
6028 under the force of the spring 690 to fortify the
fluid-tight connection of the inflation lumens 124A, 124B.
Movement of the slider 688 relative to the housing 604 as
the connector system 600 1s connected 1s further illustrated
in FIG. 35E, which shows the system 1n a partially con-
nected state, and FIG. 35F, which shows the system 1n a fully
connected state.

While the systems and methods disclosed herein are
generally described 1n connection with measuring a human
prostate for diagnostic purposes, 1t will be appreciated that
many other applications exist for such systems and methods.
For example, the systems and methods disclosed herein can
be used to measure any object, including any portion of a
human or animal body. In addition, the systems and methods
disclosed herein can be used to measure colorectal cancers
or lesions that are within a finger’s length 1nto the rectum or
to check for benign prostatic hyperplasia.

As used herein, the term “fluid” refers to both liquds
(e.g., water or saline) and gasses (e.g., air, nitrogen, or
carbon dioxide).
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Although specific embodiments are described above, it
should be understood that numerous changes may be made
within the spirit and scope of the concepts described.

The 1nvention claimed 1s:
1. A measurement device, comprising;:
a ring that defines a measurement pattern on a surface

thereof;

a finger clip on which the ring 1s rotatably mounted; and

one or more optical fibers mounted 1n the finger clip such

that the ring rotates with respect to the fibers as the ring
rotates relative to the finger clip and such that the fibers
are held at a substantially fixed distance from the
measurement pattern as the ring rotates relative to the
finger clip;

wherein the finger clip comprises a base portion having an

axle on which the ring 1s rotatably mounted, a fiber
guide 1 which the fibers are fixedly mounted, and a
locking pin that retains the ring on the axle.

2. The device of claim 1, further comprising an inflatable
membrane disposed over the finger clip.

3. The device of claim 2, wherein the inflatable membrane
has a textured or knurled outer surface.

4. The device of claim 2, wherein the inflatable membrane
includes a constraint member configured to control the
direction and/or degree to which the inflatable membrane
inflates when an 1nflation medium 1s delivered to an 1nterior
thereof.

5. The device of claim 4, wherein the constraint member
comprises a band that extends along a dorsal surface of the
membrane, across a closed distal end of the membrane, and
returns along a ventral surface of the membrane.

6. The device of claim 1, further comprising an inflation
tube 1n which the fibers are disposed, the intlation tube being,
configured to deliver an iflation medium to an interior of an
inflatable membrane disposed over the finger clip.

7. The device of claim 1, wherein the measurement
pattern 1s formed on or coupled to a proximal-facing surface
of the ring.

8. The device of claim 1, wherein the finger clip com-
prises a linger clip cap on which the ring i1s rotatably
mounted and a finger clip base 1n which the fibers are fixedly
mounted.

9. The device of claim 1, further comprising a shroud
coupled to the finger clip to cover a dorsal portion of the
ring.

10. The device of claim 1, further comprising a proximal
sleeve configured to form a seal between an intlatable
membrane disposed over the finger clip and a finger of a
user.

11. The device of claim 1, wherein a surface of the ring
that engages a membrane during a measurement 1s disposed
distal to a distal-most extent of a user’s finger when the
measurement device 1s worn by the user.

12. The device of claim 1, wherein the ring and the finger
clip are disposed 1n a closed volume defined between a digit
extension of a glove and an outer membrane disposed over
the digit extension.

13. The device of claim 12, wherein the digit extension 1s
coupled to the glove by first and second rings.

14. The device of claim 13, wherein the membrane i1s
sealed to the first ring, the digit extension is sealed to the first
ring, the glove 1s sealed to the second ring, and the second
ring 1s rotatable with respect to the first ring.

15. The device of claim 1, wherein the one or more optical
fibers comprises:
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a first transmitting fiber configured to direct light gener-
ated by an external light source onto the measurement
pattern;

a {irst recerver fiber configured to direct light reflected by
the measurement pattern to a first external optical
detector; and

a second receiver fiber configured to direct light reflected
by the measurement pattern to a second external optical
detector.

16. The device of claim 15, wherein an output window of
the first transmitting fiber, an mput window of the first
receiver fiber, and an mput window of the second receiver
fiber are disposed adjacent to one another in a delta con-
figuration.

17. A measurement device comprising;

a ring that defines a measurement pattern on a surface

thereof;

a finger clip on which the ring 1s rotatably mounted,
wherein a rotation axis of the ring 1s oriented at an
oblique angle with respect to a longitudinal axis of a
base portion of the finger clip; and

one or more optical fibers mounted 1n the finger clip such
that the ring rotates with respect to the fibers as the ring
rotates relative to the finger clip and such that the fibers
are held at a substantially fixed distance from the
measurement pattern as the ring rotates relative to the
finger clip.

18. The device of claim 17, further comprising an inflat-

able membrane disposed over the finger clip.

19. The device of claim 18, wherein the inflatable mem-
brane has a textured or knurled outer surface.

20. The device of claim 18, wherein the inflatable mem-
brane includes a constraint member configured to control the
direction and/or degree to which the inflatable membrane
inflates when an inflation medium 1s delivered to an interior
thereof.

21. The device of claim 20, wherein the constraint mem-
ber comprises a band that extends along a dorsal surface of
the membrane, across a closed distal end of the membrane,
and returns along a ventral surface of the membrane.

22. The device of claim 17, turther comprising an intlation
tube 1n which the fibers are disposed, the inflation tube being
configured to deliver an mflation medium to an interior of an
inflatable membrane disposed over the finger clip.

23. The device of claim 17, wherein the measurement
pattern 1s formed on or coupled to a proximal-facing surface
of the ring.

24. The device of claim 17, wherein the finger clip
comprises a finger clip cap on which the ring is rotatably
mounted and a finger clip base 1n which the fibers are fixedly
mounted.

25. The device of claim 17, further comprising a shroud
coupled to the finger clip to cover a dorsal portion of the
ring.

26. The device of claim 17, further comprising a proximal
sleeve configured to form a seal between an inflatable
membrane disposed over the finger clip and a finger of a
user.

27. The device of claim 17, wherein the one or more
optical fibers comprises:

a first transmitting fiber configured to direct light gener-
ated by an external light source onto the measurement
pattern;

a {irst recerver fiber configured to direct light retlected by
the measurement pattern to a first external optical
detector; and
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a second receiver fiber configured to direct light reflected
by the measurement pattern to a second external optical
detector.

28. The device of claim 27, wherein an output window of
the first transmitting fiber, an mput window of the first 5
receiver fiber, and an mput window of the second receiver
fiber are disposed adjacent to one another in a delta con-
figuration.

29. A measurement device comprising:

a ring that defines a measurement pattern on a surface 10

thereof;

a finger clip on which the ring i1s rotatably mounted,
wherein a rotation axis of the ring 1s oriented at an
oblique angle with respect to a longitudinal axis of a
user’s finger when the user’s finger 1s disposed 1n the 15
finger clip; and

one or more optical fibers mounted 1n the finger clip such
that the ring rotates with respect to the fibers as the ring
rotates relative to the finger clip and such that the fibers
are held at a substantially fixed distance from the 20
measurement pattern as the ring rotates relative to the
finger clip.

30. The device of claim 29, wherein the oblique angle 1s

between about 40 degrees and about 50 degrees.
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